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APRIL NO. 1 


Publication of the National Sigma Xi Lectures” 
) activity of Sigma Xi has been more enthusiastically receiv aediek 
than the National Sigma Xi L ectureships and their publication in book 
form. It has been felt for some time, how ever, that one more important 
step might be taken in an endeavor to secure a wider distribution of. 
the lecture material to the great body « of active | and alumni members — 
) who have not heard the lectures nor had access to the two volumes of 
4 “Science in Progress. ” The plan adopted by the E xecutive Committee, 

: onat an experimental basis, involves the publication of each of the lectures — 
in the QUARTERLY, one Gr two to an issue; the type to be held for later 
reprinting in book form. It is is hoped that two objects will be achieved i in 
this way: (1) the lecture material will be made available to a large 
percentage of f the membership; (2) the expense of publication 1 in book > 
form will be reduced and, thereby, a wider distribution of the successive — 
volumes of “Science in Progress” secured. The first lecture to be printed | 
under this plan, “Image Formation by Dr. V. K. Zworykin, | 
appears on the following pages. It is fees that the remaining four 
lectures of the 1941 series will follow in succeeding issues of the Quar- 
verLy. Comments from the membership will be appreciated, and will be 
of ‘great assistance | to the Executive Committee it in determining future 


lotions! Lec tureships f for 1942 

‘tureships.. Detailed information will be sent to chapter secretaries during» 
‘April. Requests from chapters 3 are to be received by November Ist. © 


HLA. Bethe, Cornell University—“Stellar Energy”—March 15- April 


P. W. Bridgman, Harv ard —Some Recent Work i 
Field of High Pressures’ February 15-March 15. 


‘J.G. Kirkwood, University of Chicago—“ Tt Structure: of Liquids” 


LS. Marks, ard Uni —“Modern Power G 
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IMAGE FORMATION BY ELECI RONS 
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‘Manufacturing Co., Camden, New 


Ww idening field c d of applications of electrons, 


in science and in ev ery day life, is an outstand- 
‘ing characteristic of th the century. One of the 1 new 


ve ‘fifty times than c can be 
| with the best light thicroscope ; they y play a fundamental al role 


- in modern television; and find many other interesting g and 
aes: Indeed the importance. of electron imaging 
. “has become so — as to give rise to a new branch of aa 


f fet images concerns itself 


or ‘indirect determination of paths of Tight rays” 

the various lenses. Similar! y the determination and control. 


of electron trajectories i is ‘the function of electron optics. * 
Early studies of the behavior of cathode ray beams under | 
magnetic and electric fields rev ealed that these rays 8 ‘consisted 


of particles, | later to become known a as ele 


a fixed ratio of charge to mass, that | the paths 


a completely determined by laws, of or ordinary 
Tt: ‘soon became evident that not only could these cathode 
“rays be by means of magnetic and electric fields, 
but also that. the conve erse was true, , and that cathode ray 
beams could be used to measure these fields. . Thus, the first” 


cathode ray oscillograph, or ‘Braun’ s tube, , came into” being. 


; Wi ith | this tube, the magnitude of ‘rapidly varying v voltages 


Ass 


q 


- applied across one pair of deflecting plates could be observ ed, 
if a linearly "Varying deflecting ws pplied to 


| 
& a light is used to form optical images. Electron images make wt ; 
if 
| 
5 4 
nary optical sys- | 
ii 
| 
4 
— 
| 
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other pair. Th he cathode ray beam in these tubes w as gen- @ and 
erated | by a pressure gas discharge, and the ionized gas wht 
‘molecules i in the tube kept the bea beam 1 concentrated 1 into a nar pra 
bundle. A fluorescent screen on the « end of the tube @ bas 
ved the position n of the beam as a luminous spot. 1ad 
A limitation to these tubes soon bec became. apparent. As the 

a pe of the v ariations in the voltage to be measured be- 


greater, making necessary a higher deflection frequency 
for their observation, it was found that the gas ions which 
" heretofore kept the beam in focus could no longer follow the > 
rapid lateral 1 motion nof the beam, and t the beam became diffuse, 


= 8 
oe = 


This. difficulty, together other lesser objections to the | 
‘Braun 1 tube, led to. the e development of a tube in which the ' iL 
source of electrons for the e cathode ray beam v Ww asa thermionic. : 
_ cathode, and coaxial cylinders or apertures were used to con- } on 
Bets cr the beam. Instead of apertures and cylinder, it was 7 & th. 
also found t that electromagnetic coils with their axes par parallel 


to the beam ‘could be equally \ Ww well, used for focusing. 


| While investigating 1 these tubes, , an interesting observation. 
was made. It was found that by suitably a adjusting the v ‘oltages” 
“on the concentrating electrodes, or on the magnetic focusing 
a coils a clear, enlarged i image of the thermionic cathode could | 
be observe ed on the fluorescent v Vv iewing screen. These i images, 7 


in fact, v ere fre 


quently used to ) determine w yhether the activa-_ 

tion of the cathode was | uniform , and served as a convenient | 


Ww ay of studying defects in the cathode. . T his tube can n be | 


called a forerunner of the electron microscope + 2 


a: Towards the close of the nineteen tw enties, , the > importance 


of “electron i imaging was beginning to be more apparent, 
a good deal of theoretical w ork v was being done to. determine 
« 


nature of this phenomenon. In 1926 a paper w as 1s published 


ee Busch, in which he showed there was a ‘complete; mathe- | 

_ mat tical analogy betw: een electron trajectories in a potential 


field and light 1 ‘rays 1 in refractiv media: ; furthermore, 


sh 10wed that any cylindrically. sy mmetrical electric orn mag- 

me etic field was capable of forming a a a first order or Gaussian 


mage. . This paper was followed shortly b by y other theoretical 
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and experimenta al st Pic / ll, and others, 7 
which showed not nly the po ‘bility. but ‘the general 
practicality of el lec ctron lenses. By 1932 an electron optics, - 
based upon the analogy between light. and electron motion, 
had become a clearly recognized field. 
Once the foundations of this field had been 
progress was rapid, and practical applications followed almost 
immediately. The systematized knowledge of electron | optics 
could be. applied directly to the problem of building a an elec- 
tron g gun w which was capable of producing the high density— 
fine— cathode ray beam required in modern television a and 


cathode r ray tube 


] 


T 


—_— 


es. 


The study of electron p: paths was applied to 
the e problem of pone tubes, at and led to the dev velopment ¢ of 


the beam power tube, the secondary en emission ‘multiplier, and 
other similar devices. At the s same time, much work w as as done 
on é} extended d electron i images. s. It wa as | found, for e example, 
that at sharp, undistorted, electron i images could be reproduced 
from optical images focused on ; a photo-« electric cathode. 
Another important application of electron imaging was in - 
the electron 1 microscope. The first compound microscope e em- 


ployi ing z electrons ; as the i imaging means was reported by Knoll 


and Ruska 1 in 1932 . The dev elopment of the electron ‘micro- 


scope has progressed rapidly and today it has become a prac- 


tical ‘al research tool, capable | of resol Iving objects at least 50 y 
times smaller than can be seen with the best ‘optical instru- 


‘ment. . Before ‘giving a more detailed discussion of the prin- 
: 
‘ciples 0 of ‘construction and application of ‘the electron micro- 
“scope, Iw ould like to give a brief outline of the elements of 
electron optics, and the principles s underlying electron i 


~ ~~ 
formation. 


hea 


Broadly speaking, | electron optics | is the study 0 
paths i in electric or magnetic fields. In the « design Shem 


tron optical | system, the aim is to > determine the : shape « ) 


electrodes or magnetic | coils which will cause | ‘electrons lea 


ing a given point o or group | of points to reach certain other pre 
points. T he 1e — stated no general 


elec 
t 


| 
4 ‘ 
4 
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41 | 9 solved at all. Instead it is necessary to invert the problem and be aoe, 4 Gg 
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ask what electron trajectories are re obtained from a give en con Sof tl 
a ‘figuration of electrodes or coils. A systematic series. of. solu- | pote 


tions of the latter can be used to answer the former. 


The problem of determining | electron trajectories from a 


en electrode sy ystem at potentials c can be divided | elec 


. jee two parts. F irst, the potential distribution 1 must st be found | = whi 


from 1 the form of the « > electrodes. Then ‘the electron pa paths can q of c 

be ‘determined as as the electrons move in this field. ‘Similarly, 

when magnetic | elements a: are inv olved, the field distribution 

by the coils, pole pieces, -etc., must be calculated, ‘stre 


and then the electron. motion in these fields sought. 
In any any charge- free reg region, ‘the electrostatic potential 1 must Th 


be as solution: of the Laplace differential Which ‘in | pot 


“ordinary Cartesian coordinates, ‘has the form: int 


sluti on is subject to boundary condition: | we 


electrodes equipotential surfaces, enc 
Ordinarily electron optical sy stems encountered in rie 


“practice e do not Tequire the solution of the general three-_ > ing 

dimensional equation, because most t practical sys stems have a | wi 


4 rather high degree of ‘symmetry. The two most common ty types | > thi 


of systems are those which may be termed two- -dimensional, | 7 sy! 


and those inv olving cylindrical sy The Laplace equa- ne 


tion for these two ¢ becomes : | 


is leds, and frequently can only te: in 
obtained through the of approximate methods. 


ortunately, there Tel atively simple experiments! 
_—— method of me measuring ng the 1e potential « distribution i nin an 1 electrode 


system. The m method consists s of j immersing an n enlarged model i 
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Fe ‘ormation by Elec trons 


pro space current j fl flows. betwee een nthe elect: 
“which, because no changes sccumulate ‘obey s the e 


gam 

Since the in the electrolyte is ohinic, the field. 

strength E is proportional to the current it density, hence —_ 


Therefore, as E =~ grad ¢, where ce is the potential; the 


potential distribution within the electrode with m immersed 
in n the electroly te satisfies the Laplace equation, and corre- 
sponds to the distribution i in the actual electrode system. 


The typical electroly tic tank used for such measurements 


is! metal lined for Purposes of shielding, and i is filled with 


weak electrolyte—in fact usually ordinary water has 
enough dissolve ed salts to suffice. e. The exploring probe is is Car- 


ried on a pantograph. w hich reproduces it its. motion ata 


ing stylus over the mapping board. ‘The | probe itself i isafine 


(on point h held so that i it just breaks the surface of the liquid, 


is being adequate f for any electrode system having mirror 


perl peg as has already been pointed out, includes is 
neasty all those which are of practical importance. When this ~~ 
symmetry is present it is only necessary to make a model of | . ag 
one of the two symmetrical halves of the electrode system —- | 
The model is inserted in the tank in such s a way that the plane _ 


of symmetry coincides with: the surface the liquid. The 4 


desired distribution on plane of sy mmetry ‘measured 


voltages In per, to av avoid polarization 


effects at at t the electrodes, 400- -cycle a.c. is used instead of ian 


| of the electrod c bath, applying 
potentials whic 1 are proportional to the working potentials 
to the various members of the system, and by means of an - 
ofthe 
pation 
id 
in 
y, 
i | 
4 
: q a 
es 
a- 
| 
4 
— 
of | | ometer t rough a sensitive current detector which gives a null- ose 
De ] indication when the potential of the probe equals that of the ii 7 
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al 
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if 
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step is to dete rmine trajectories. again, 
the: mathematic al difficulties become very great. FE Even Ww hen 


Bape the potential is kno own 1, an exact 


rarely and ay appr roximate or 


ds must 


field per be determined the ! Newtonian laws 

of mechanics in their ordinary form ; howe eve ver, ‘itis generally 

‘more conve enient to make use of them expressed as the p prin 


, the pon is defined by the following variational ‘integral. | 
ow there ds is an element of path es 
of the particle, and i is giv cas 


¢ being the ‘potential at points along path. Eliminating 
the con constant factor, the integral becomes 7 


integral shows clearly the e mathematic | analogy be- 

een electron paths and Tight rays s, because it is identi cal 


in form with Fermat’s 


ow where n is the index of refraction of the medium along the 4 
= It will be seen that the sq square, root of the © potential 


does the index of refraction in an ordinary optical : sy stem. 


ty 


WwW here ‘magnetic fields are present, the equivalent of an index. 


a exactly the sai same > réle i in an electron ‘optical : sys stem as 


of refraction for an electronic system can be found, but in 


ae. und, either this 
| non: 
Be 
4 tore 
4 solution of tl net! 
graphical metho acce 
4 
4 q 
fo 
4 1. 
4 


ons 
this case it is somewhat more complicated, the index bei 


non- jsotropic. 


of the simplest methods « of of plotting electron trajec- 


tories Ww hich i is applicable t to z any § sy system having 1 mirror | sym- 


metry, is the > graphical procedure ‘usually termed the circle 


method. This method i is based on the fact that the 2 centripetal 
‘acceleration of | ane lectron moving in a a circular path must 


be balanced by a radial force, that is a a radial field 


nent. Referring t to wae 1 showing the map of § a section of 


fi n an electrode system, assume now 


ron is mov ing through this field Ww vith a velocity - 
+ alba by the vector vo. This electron is acted on by a a 


| pide eEw here FE is the field strength at the point it occupies. _ 
_ The force may be resolved into two o components, one parallel = 


to its Seiilion of motion, the other e e EF: at right angles to it. 
The normal causes the electron to to move in 


circula 


: 
WS 
lly 
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and consequently 2 


weal 


or, for g 


The electron ‘trajectory can, therefore, be approximated 
series of arcs between the successive equipotentials, 
the radii and centers | of the arcs being obtained ed by a a 2 simple 


graphical construction indicated i in Figure 1 be based ‘upon, the 


__ Determining the trajectories through ae and 
| the p performance o of : such lenses isa special case of the general 


problem « 


“pointed « out, t, the e electrodes : serving a as Saini are e cy cylindrically 


mmetric, $0 so that the electrolytic can n be used ‘to 


method c can n also be “used to determine. the paths 
through lenses ; howev er, usually the care necessary to obtain 


the accuracy does not warrant its 
vi other methods: which take advantage 0 the 


degree of symmetry. 


potential: field w here radial symmetry exists: 


expressed as an expansion in terms of the potential distribu- 


tion on the a axis. WwW ‘ith expansion and the Euler r form a 


deg 1s 


ANeferring again to the slide, it is evid 
a > - 
nan 
Batt 
— 4 bet 
et 
— 
— 
— 7° 
— | di 
— 
— 
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1 and its derivatives. This 


W hen d discussing the performance of | a lens, two points are are 
of interest. ‘First, the position and ber 


ae) 


q ‘are determined by its first order i image e properties, 
namely, its behavic ior | - for tays which n make a very “small angle 
with the optical ax axis. These characteristics are ire generally d de- 
fined in terms of four ur cardinal points, n namely, ‘two focal 
points and ty two principal points. It might be be. pointed out t that 
for an ordinary thin lens, the two points coincide 
at the lens, and t d thu: 


between object distance u, image distance v, and the © focal 


length fis s obtained. Similarly y, the magnification is is given by S. 


to Tenses as ‘welll as as 
optical lenses. ‘Thus s the p problem of f finding the first order 
properties »s of a an n electron lens involves es locating the four car- 


. 
In making this determination, si since only peer trajec- 
torles are involved, the ray equation reduces t to 


W the aid equation; through 
the lens, for example, one parallel to the image 
‘side, the other parallel to the axis on the object side, and from % 


‘these paths the cardinal points can be located. 
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tracing g electron rays through such systems, we are 


; again faced with solving: a rather difficult differential « e 
tion, this brief discussion, not ‘permit g ng 
cuts ‘that ; are e helpful i in 


carry ine os out “a solution of specific problems. ‘There is, how- 
“ever, one graphical procedure dev eloped by ‘Richard Gans, 


w which Isl should like to discuss. A A series of straight oder - 


Consider now ray equation ; ove er any straight line seg- 
‘ment the second derivative i is ‘zero. . Hence, the ray ‘equation 
_ becomes: a eles differential which can be directly ‘integrate: 
af, 


—v¢, S 


and ro ¢o are the radial position and at the 


a the point where two segments join, there is a naetarity, 


e. The tay equation can n can be integrated over 4 


subscripts 1 and 2 indicate values before and after the 


break px point, respectively. . Finally, where the. segment is paral- 


lel to the solution becomes 


“These are applied successively to the segments 
break points, thus tracing the ray through the system. | 
. a So far we have dealt almost exclusively with the problem 
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“ment of electrostatic sy stems is ; much simp than that. for 


‘ally. coils” in practice, however 
‘sheathed i in iron. The presence of iron greatly complicates the 

| problem. If the iron enclosing the coil has a high permeability, 
andis operated well below the saturation point, the two poles 
be considered as equipotentials of a scaler 


i bs hose gradient i is the. magnetic field. Under these conditions, 


— 


the potential distribution, and hence the field, may be deter- 
‘mined with the aid of the electrolytic plotting tank. Where 
these methods cannot applied, the magnetic distribution 
must be determined experimentally by means of exploring 
“oils, by the change | of resistance ce of ‘such metals. as — 
ia The. first order tay equation for 2 a a magnetic lens has the 


The radius vector r does not remain in a plane as it does for _ 
| the eo case, ‘a rather rotates about the axis. There- 


= 


e leaving the discussion of the first order properties 


electron lenses, i should be that for thin 


ric an 


varying potential or ¢ 


following integrals: 
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F The discussion given n above has been restricted tc to ‘the first : 
ne 


order properties of electron lenses. ‘From a practical stand 
= point, the perfection. of the electron image is of equal or 
greater importance. The lens defects of electronic systems are | 

analogous to ) those i in n light lenses. Considerations ¢ of the 


behavior of rays S, with one nothing 


order ‘to determine the. 


which make an 
appreciable ale with the a axis of . Although it 


_ was not explicitly mentioned, first order i imaging which gives 


the cardinal assumes that the trigonometric function 
object. 


the terms inv mcs the third power of r. Second power terms | 


i. vanish because of symmetry requirements. There are five 


_aberrations c on a the basis of this theory. ‘These are are: 
Astigmatism 


Curve ature the Field 
ie addition, there is another ir image defect due to variations | 


the velocity of electrons. is. analogous to chro- 


— 
— le 
q th 
— 
— | 
4 power series of r and that terms involving all but first powers i 
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Let us examine > these briefly. 
is due to rays passing through the 
outer parts of a lens, which | do not converge on the paraxial — 
image point. This aberration differs from the other four third - 
order aberrations in that it affects points o n the axis of “7 


Astigmatism o occurs ray from an object Point, lyi ‘ing 


point which is different rays lyi ing in 


a plane normal to the a axis conv verge. 
ee Coma is the result of rz rays through different parts of the 


lens not meeting in a common image point, , but differs from 
spherical aberration i in ‘that it vanishes for or object. Points on 
‘the axis. - Its; name is s deriv ed from. ‘the comet- et-shaped a area over 


which rays fr from an L object | point meet t the i image plane. ee 2. 
Curvature of the 7 image field, as the name implies, means 


that i image points fi from a a plane object. do not lie i ina plane. — 
Distortion of t the i image is due to a non-uniformity: of mag- 


nification or toa twist of the i image. is 


The procedure for calculating t aberration 1s in an actual 


system is extremely difficult and labo orious, and i is beyond 


q “scope of this discussion. 

4 Most of these defects can be reduced, and some practically: 
eliminated by a proper design of the electron optical system. 
“Instead of. attempting to describe general methods of de 

4 ing W ith these v various aberrations, Het u us onsider some of the 


rations as related to specie probl 
The utility of a cathode ray tube, whether for “use a 
oscilloscope or television ‘Purposes as has: alre; rea 
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‘For thi electron beam, » havi ing re 
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| atively high current density. 
tem which is roughly analo- 
ns | potlight is required. The sys- 
ro- is usually termed the electron 


gun. Guns in ‘modern tubes are almost 


up with two o lens elements. The first lens, that ‘is, the lens 
“nearest th cathode, is s usually electrostatic, hile the second 


lens may be either « electrostatic or r magnetic. ‘The cathode 


~ located at one € xtremity and is usually a: an indirectly heated | 
oxide coated em mitter. ‘Immediately adjacent | to the cathode 
‘is the first, le ens system 1, consisting of two o apertured discs, 


4 y 
vernin the curre 
e e control gove ng nt 


the oth r the first anode. This lens causes the 
7 


electrons leaving the: cathode to conv erge into | a ‘narrow 
dle, called the cross-ov er. The. -Cross-OV er is the point: where 
the principal rays from the emitter meet the axis, and corre- 
sponds to the exit pupil of | the analogous optical system. | 
he secend lens generally used in the gun is also” electro-_ 
static, and is made up of the first and second anode cy linders. 
ie he potentials of these cylinders are so adjusted that the cross- 
ov er imaged on the fluorescent screen, 
other element: of the tube, \ Ww where the small spot is required. | 


Its may seem surprising at first sight: that ; a a reduced i image 


9 of the cathode i is. not formed on the screen but instead an 


: image of the cross-over. . How ever, it turns out that for a giv en. 
spot size and lens, the maximum current density” can be 


‘obtained by imaging the cross-over. 
4 Since the second lens essentially focuses an image point 


on ‘the axis into an n object p point the only third order lens 


defect which needs" be considered | ‘is spherical aberration. 


This aberration acts, of course, to increase se the spot size. By 


‘properly shaping the electrodes in an electrostatic gun, or 


the lens coil of a magnetic gun, it is possible to reduce this | 


aberration. How ever, ev ren. ven with these corrections, it is neces- 


"sary to p place 2 a limiting ape: aperture near r the second | lens to mas 


Two | lens defects a’ at the first lens make: the cross-ov ver larger 
than would be predicted from the first order theory. These 
bead are due to variations of initial velocities and to ) space e charge” 4 
effects. The former is related to th v velocities ofen emission n 


thermionic | cathode. The se second ‘is 
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These defects place a limit on the current and fine- 


nsi 


A. 


The details of the construction of an electron gun depend, 
of course , upon the applications for which it is intended. A’ 
gun to be used in an Iconoscope for televi ision = 
be capable of producing a minute spot of only a few thou- 
sandths of an inch in its greatest dimension. . How ever, the a 
beam ¢ current is small—of the order of a tenth of a microam- . 


pere or less. Furthermore, the sensitivity and shape of the con- : 


trol grid characteristic is unimportant. _T he ; gun i is located in in 
‘the long glass neck. _ Opposite the gun is the m mosaic W hich is 


‘the photosensitive e element which play 


> a. 


> 


a5 


ays the fundamental 
Bin 1 conv erting a a a light i image int into a picture re signal. sae: 
q gt gun used i in the Kinescope o or Vv viewing tube i is the 
4, 
in principle a as. i in 1 the Iconoscope. 1 The requirements are, 
however, quite different. The cur 2 current needed i is much greater, 
being c of the order of a a a milliampere. Against this the er a 


spot diameter is larger. Since he r ) oer) 
sible pot diam eter is la rger Sine ce the pictur is s reproduced 


__ 


by varying the beam current as as the spot sv SW yeeps across: the 
fluorescent screen, ‘the — of the grid i is wf 


on Kin pic- 

tures in sufficient brightness so that the i image can be thrown’ 
on a large screen, . hich 


_ Television pr ojection Kinescopes, oe 


be be capable of d delive vering ¢ ev ven more ¢ current of 
ordinary Kinescope. In order to obtain t the necessary — 

3 ness, the projection 1 Kinescope i is operated at very high v olt- 
ages, , that is is, +50 to 70 kv. . Although this introduces insulation, 
corona, , and cold discharge problems, it it t makes the | ‘electron 
optical design somewhat simpler. 
Another application of electron optics, which would like 
to describe, represents a rather different type of 1 imaging than 


occurs: in the electron is the electron i imaging sys- 
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ial ‘The scene to be televised is focused on a large semi-transpar- 

zh. ent photocathode. Electrons which leav e the photosensitive 


re t y variations 

of the light image. Ane electron | lens system these 
a electrons into an ‘electron. image e of th he original scene. . By 
allowing the electron image to fall on a “mosaic w hich has a 


. high secondary emission ratio so that for. every photoelectron 
which strikes it several electrons leave , the sensitivity of the 


pickup | tubecanbeincreased. 4 
7 he electron lens employ ed in n this i imaging device is based 
“upon: the potential | distribution between two. coaxial, equi- 


diameter cylinders. lowever, in order to overcome aberra- 


Si 
tions | which would otherwise make the system unusable, it is ee 
necessary to ‘modify the simple basic arrangement. Since the n 

&§ “of electron ray bundles passing through the lens are are small, ie 
q spherical aberration is negligible. Likewise coma, although | d 
present to to a | somewhat greater extent, is not great enough to 
“constitute a limiting factor. The three third order aberra. 
- tions , astigmatism, curvature re of ‘the i image > field and distor- . 
tion, if not corrected, cause serious loss of detail and image 
perfection. Chromatic aberration also i isa a limiting factor. 
have reserved dis discussion of the electron microscope until 


a it is one of the newest and most interesting 


applications o: of electron 1 optics. Tn principle this micros cope i is. 


very similar ‘to the conventional light microscope. ach 
microscope has a ‘source of the weed for making 
observations, condenser | enses for concentrating the radia- 


tion onto the spe > specimen, an n objective lens, which forms an en- 


larged first i image ge of f the s} specimen, en, anda a a projection lens which ®g a 
forms | the final i | image. | age. In the electron, microscope the source | @ ti 
of radiation a thermionic cathode. Electrons | from the 4 


source are accelerated to a high: velocity as soon as they have 


q 
a left the cathode. The electron lens used in thee lectron mi micro- . 


iu 2 scope may be e either electrostatic or ‘magnetic, and co compara- 


ble results h have ve been obtained 1 with both ty types s of systems. _ 


However, so far n most t electron microscopes in use at present © 


are equipped d with magnetic lenses, chiefly because of certain 


us” consider first the imaging process by which 
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of image formation either with light or shows 
‘it is closely related to” the phenomenon of diffraction, and _ 
dependent upon the size of the 

w eth 


imaged, the angular aperture a of the yo and the wavelen 


dof. the radiation employ ed. he expre which h giv es the 


q size of t the smallest detail which can be resolved i is the: 


since for visible light the smallest wav elength that can be 


in the neighborhood of 4000. A, and the maximum, 


“index of refraction of th the fluid i immersing» the object is. 
if sin a is giv < maximum v alue ot unity, the smallest 


‘the 1 minimum distinguishable distance i is v ery much 
smaller. effective wav electrons in. motion i is 


Angst rom. nits 


ties of 60 kv or more in practical micro- 
scopes, and hence the effective wav velengt h is less than .05 a 

or one-o -one hundred thousandth that of light. ’ The angular 
‘aperture at the object i is determined by the spherical aberra- 

tion of the lens and, as will | be explained later, ‘the method 

of i imaging. F or objectives es such a as are. - used i in 1 present day 
electron microscopes, the aperture | is of the order of one > oF 
two thousandths. Hence objects. as small as as s 10 or 20. A can 
theoretically be resolve ed. ‘This is close agreement 


the observed performance « of t the modern ¢ electron 1 microscope. 


a was mentioned ‘that the size of the > objective e aperture | is _ 


related t to > the method of forming the image. In the conv en- 
tional light microscope light passing through t the e specimen i is 
a bsorbed in varying amounts a at different points, and it is 
“this ve variation i transmission that produces th differences 
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in intensity of light i in the — he specimens us used in len 
an ‘electron microscope are usually completely transparent. 
a so that all the electrons s striking t the > object are ‘transmitted Bi 
through it. ever, altho electrons at are not absorbed by 
the specimen, they are sc atter amount 
at each point being a func 
of the object. Electrons” 1 pit thro 4 
than a certain: are by th if: 
limiting aperture, therefore the electron in the image sp 
will vary with the thickness and density It will be evident te! 
from this that the contrast depends upon the size of the limit-. 
ing aperture and that leaving aside all considerations of _ 
spherical aberration in the objective lens, a small aperture | in 
must be used if high | contrast istobe obtained. | ne 
‘The electron. projection lens, 1 which forms the final 
‘from the intermediate image, doe es not limit the r 


_resolvi ing “pow ower. The angular | aperture e of the electron ray W 
m se 


bundles entering: ng the projection lens i SO small that s spherical 
aberration: effects i in this element are are entirely negligible. = @ sh 


construction of the new RCA electron microscope to 

is 2 as follows: : The cathode and gun is located at the very | @ pe 


top of the ‘instrument. Below it is the condenser lens, | the 
objective, and the projection lens. The s specimen is held in the ga . 


object chamber, which will be described in some detail a | @ tc 
little later. inally, there i is a a fluorescent s screen, , pivoted in 


; such | a w ay that it can be moved -d into | Position to receive | the | i 
electron i image | or, "rotated back so so ‘that photographic plates” 


below it are exposed. The entire electron — 


“for the electron lens coils a are > located i in the cabinet v Ww hich | & 
fo he > 
rms th the rear portion of the instrument. These power ‘sup- 
og plies require very careful design n, since the slightest | variation 


in overall v oltage or in lens ‘current t tends to defocus the in- 


__ strument. Special circuits are provided which hold the high 


fC 


oltage and the objective lens current to a ‘constancy, of 


one part in fifty thousand. The > condenser and “projection 
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ilation, 

W ith hi depee of sta ibility, the pe circuits 
impose no limitation on the resolv tes a er even below “kh 

_ As has already been pointe nig , the main body of the | 
microscope is maintained at a hig Pie vacuum. Since the volume : 
of the r main chamber of the present microscope is rather large, — 
if it W were necessary to let air into the instrument each time a 
| is changed, considerable delay would be encoun- — 
tered. | ‘To av void an at the 


chamber, 


necessary to > let air into this small compartment. T he —_ 


object i is s then placed i in the chamber, the chamber | ev evacuated, 


and the object. moved into its place above the ¢ objective re. T The 


whole o operation | of changing a specimen requires. only 


seconds. hile discussing the object ‘t chamber, mention 


should be made of the fact that. delicate controls are a 


tos give e transv erse motion of the object i in two directions thu $s 
permitting t ‘ob server to of the specimen 


During operation it is, ot necessary to change pho- 
3 tographic plates. an airlock is also provided for 
the 1¢ photographic c c chamber. The p photographic plates use used with | 


‘the r mic croscope are long enough so that a a , number of exposures 


— 


may be made on the same plate, and an adjustable. 
allows the width of ‘the picture t to. be « controlled at Ww will. 


The ‘complete r microscope | e stands about s sev en feet and 


occupies not more than five square feet of floor space, 


is shiel ded from: electrical and magnetic disturb- 


The specimens: for microscope must 


‘mounted quite differently from those for an ordinary r micro- 


“scope, since the electrons will not penetrate an ordinary ‘glass 
slide. The most requent procedure used for mounting objec oe 
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for « examination is is to suspend them in pure wa water or other 

- ‘suitable liquid, then to place a. a a drop | of the suspension on an 

extremely thin cellulose film v which is supported ona fine 

‘mesh screen. The supporting film, v which is of the order of | 


100 J A thick, is made by spreading | a a droplet of a a solution of 


‘object particles ‘on the che ‘cellulose itself, of, where ‘the object 


is self- -supporting, to mount the e specimen directly o on the e Wire 


‘The performance ca can best be described by showing “ll a" 
graphs that have been made with the i In th 
fields of biology and bacteriology, the new micros cope Is a a... 
As great as is the importance of this instrument in biology iam 
and bacteriology, its value to research and industrial chem- i 

istry is fully as great. For instance, details of surface. condi-_ as 


c ‘tions far below the resolving power of a a light microscope 
have a considerable effect on absorption and other chemical 
properties, | 
applications of the microscope even extend into the 
realm of metallurgy, , although this is an entirely new field un 
— 
and the > technique i is not yet fully developed. 
en | pha: 
This o only touches the wide ra range of applications « open 
“ this 1 new instrument which i is capable of resolving detail q 
- fine a as 30. A, that i is s betwee een 50 and 100 times smaller than 


can be s seen 


n with the best optical instrument. _ 
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ba IGHT ANISMS 


the Paper of t the symposium,’ we are dependent 


ont the : sun not only for sunlight, but for most of our energy, in- — 
cluding ‘coal and petroleum. In the p present pap per I propose to discuss 


certain of the more important aspects of the in nfluence of a on onthe 


living organisms wh hich inhabit our world. 
most obvious thing about light i is that see it. As in 


ake 


first lecture, in th | the whole gamut of wave- -lengths only a narrow band 
} produces: the sense of vision and is defined as light. What does se seeing 7 
4 amount to? The essential parts of the eye with which we see comprise 


7 alens and a receiving screen, iiae: retina, which i is placed i in such a manner 


s to receive the bulk of the light at ata’ focus, Ww while the rest is spread out a 
+ more diffusely ov er ‘the remainder of the retina. The retina is connected 4 
pee 


to the brain directly by the optic nerve. . The essence of seeing depends °;, % 
p upon the fact that light falls on a substance i in the retina called visual 
| purple, which is. very unstable and tu urns to a pale | yellow compound | 
Funder the action of light. It is the chemical change of this ubstance 


that finally results in in seeing. Here (Fig. 1) is the retina of a a frog w hich ‘ 
has been caused to look for | a a time at 4 a barred window, then taken out — 
quickly and fixed. You can s see the stripes of pale yellow where the 
image of ‘the light parts of the window has converted the purple pig- : 
ment to” yellow. Experiments ‘on the chemical nature of visual 


) show that it is related to carotene, the orange-red pigment 


e, t men of carrots. 
a? 
4 There i is a ‘large group of substan nces , the carotenoids, related to this 


pigment carrots. Vi Vitamin A 
reasons , why this v vitamin is so so essential i is that it is s needed for the pro- 


Man is a relatively, complex. organism. Small, simpler organisms 


see in a simpler way; - they respond to light by ‘moving towards it. The 


unicellular flagellate, Euglena, moves forward by | lashing the water with 


its long flagellum. When a | beam of light: falls on n Euglena, it a 
7 Stoward the sou source ce of light, » provided the beam ‘alls on a certain small 


@ red spot. Ifam micro-beam is used, can | directed to spots 
 *Presented the symposium ca Solar. Energy, Harvard Chapter, 1940. 


papers have been published in ‘the QuarTeRLy: H. Menzel (Vol. 28, 
4); IIL. H.C. ‘Hotel pp. 49- 60). 
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4 
and E Euglena | 


Phis is, hen, a photo-se “sensitive ‘Spot 
an eye- “spot or stigma, In some algae the stigma i is more elaborate and, 


in some cases, ev en looks like a lens. It is hardly probable that the lens. 


can be functional, however, since the lens is, as often as not, on the inside 
instead of on the outside of the spot. lowever, the stigma might be called 


an isolated retina. Now it is of considerable interest that vat the pigment 
nay 
which ‘responds to light here has been found also > to | be a a | carotencid, 


Fic. 1. Retina, showing image of “window. After Garten. 


hus unicellular organisms, s, which may ‘fairly, ber among 


- same type of substance for responding to light as do we, at the top of the 


nd Euglena, , being scl, by no means ty -ypical of the pl lant 
_ kingdom. Higher plants respond to o light in a somewhat different way. 


Per rhaps this is best understood by c considering on one’s own personal re reac: 


_ tions. . Suppose that you are confined to bed, in such a w ay that you are 
more or less fixed at one end, and someone comes to see see you. Being: fixed 


at one end "considerably limits. your actions, but you express yoursel 
& best you can a by curving in various ways. Plants curve in response (0 


light. Shoots generally curve towards the light. A has been 
illuminated entirely from one side grows 
light. ts grow 


the light and ‘the roots weakly away from it. many plants 
_ this movement of roots away from the light is not shown. Ev en the 
non-green plants, the | colorless fungi, show curvature ‘towards the light, 


- although this is not true of ail fungi. A common, inhabitant of anima 
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Action on of a! Light on Organisms 

dung is Pilobolus, one of the Blac Molds, , with st stalks « only 2 2 or 3 mm. 
n 1 length. This plant, when n ripe, shoots off its ‘sporangia from the exact 
Bop of the stalk. Now it so happens” that the stalk curves towards the 


- 


and is set i in w hick a narrow beam of light 


zlass plate an tes Pilobolus: while the 
sporangia a elop, ‘then the ar point pene the light. and all shoot 


vlass > (Fj 2) The 
angia “toward he light, hitting. the glas SS slate 1g 


Fic. 2. B, opaque box opening at F; G, sheet of M, vessel of 
dung; P, Pilobolus erystaliinas sporangiophores.— 


dot is ev ev ery P bolus has 


hit the bull’s eye. 


se 
In the oat see edling, w hich i is extremely | sensitive, ‘the light of a match > 


held a yard awa ay for four seconds will cause it to , curve tow ards the 
light. In the seedling the conditions are not “comparable with those i 
the fungi or or algae, but the growth is controlled by means ofa a hormone. ‘7 


The gr grow th poige sol is secreted by the extreme tip and, as it travels 
down the plant, | ca s th the low er part to extend and so causes gro — 


@ 
de emonstrated—indeed, was so demonstrz 


ar le process of cutting of off the tip of the seed 
ling on one side. The s hormone now 
into one side, Ww the other side is without it. The “ hormone 
side” grows more than the other, and so the plant curv es. This exper 
® ment was the first good evidence that plant growth i is controlled by a a 
hormone. But there is more to this. When light falls. from one side, bt 


more of the hormone trav els to the shaded side than to the lighted side, 
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that i is, poe of being distributed equally the hormone is is distributed 


unequally Hence the shaded side ‘grows more than lighted side 
and , consequently, | the plant curves towards the light. ‘This has been 


BD shown by allowing the hormone fom the two sides to diffuse out into 
- ‘two small blocks of agar. . The amount of hormone 1 in the e agar is then 
i” determined by putting i it on one e side ofa standard plant completely’; in 


dark. The e agar from the bright side (B) uses a smal ler of 


curvature than that from the _ dark side (D, iad 


“Fic. 3. Coleoptile tip arranged iffuses into one agar 
“jee D, that from the bright side into the other, B. At Tighe the blocks are assayed 


— How is it that light falling on one iaktoies can produce an an asy symmetrical | 


Si “distribution. of the hormone? This is. a difficult question to answer. Al 

ar 2 : such questions: as to exactly how r light cz can bring about biological reac- 

eee. tions are hard. It is probable t that there i is a carotenoid concerned in 

process also. We know that if ‘one takes an intact plant and 

-illumines- different | zones, illumination of the tip is the most effective 


— to produce | curvature. In other words, the tip is the most sensitive zone. 
Studies have shown that it is in the tip that carotenoid is 


For this and other. reasons is probable that the c carotenoid, which | 


_ absorbs Tight, influences | the t transport | of the hormone. om can be seen 


how analogous this i is t to the process of vision in animals, an 
| 

‘These responses of certain creatures light. ‘They show how 


< Ben pone can detect light i o one way or another. But the most impor- 


m our point of view, as creatures with appe- | 
tites to be satisfied, is sof « quite te another ty pe. It is the conversion of 


carbon dioxide in the a air into ) organic matter, ‘the. process of photosyn- 


‘thesis. Without life « on 1 the ‘world would be e impossible. 


known as chloroplasts. “Chloro- 
is epeciialy a 2 plant pigment and and i is found : in animals. There 


— 
gecne 
that 
also 
or 
— “Bea 
— The 
— 
| Bag: 
agr 
On 
— 
— 
— 
— UNE Pussivic CACEPUON tO Us Tact, Namely the curious leat imsects | fiz 
Asia which are shaped like leaves, and also resemble leaves in their 


aged coloring. Bec cause | they are so much like leaves, it has — said 


at they ane even tried to feed upon one another, by mistake. They 


ne show autumn coloring. The reason I hav e mentioned. the | leaf i insects © 
i the g green | pigment in these i insects is ‘supposed to be ‘chlorophyll 


or r some Te lated substance. At would be interesting to. investigate 


; matter, but even if it turns out to be chlorophyll, it will not necessarily He 7 
mean that the animal can photosynthesize. 
> 


. An interesting fact about chlorophyll in leaves is that it is always — ys 

a accompanied | by yellow and orange pigments belonging to the caro- 


a tenoids. I In. autumn, w when the chlorophy ll bleaches out, the hese 


ments are very obvious. If the leaf pigments are extracted and separated 
by absorption on chalk or Magnesium oxide, the different layers may > 


4 be separated. Here, again, is the remarkable fact that w vhere light absorp- a 
tion has a biological effect these carotenoids are present. ‘There is as. 


yet no known | exception to this rule. Just w what. their function is in 
is known. We know that, of which 


| Cher exists in two b, present in \Teaves. 


ab b imilar to ‘that of a. There is an 

jimpor t that is, ‘in the orange-red, and 
e-violet. T his absorption ‘spectrum 


agrees reasonably well with the spectrum of the whole leaf. 

On the other | hand, the carotenoids, being of different color, absorb i in 

‘different zones. -Chlorophylls absorb mainly red and. blue and reflect 


green; hence green. | the other we seen 


4 and reflect th the ted. “Now photosynthesis occurs the 


and orange- -red, a band close to 650 my with | a ‘secondary important 
peak j in ‘the blue. The green waves are least effective. The wave- -lengths 

‘effective in photosynthesis, therefore, correspond | to. ‘those absorbed by 


chlorophyll. This means that light absorption by c 


arot 
Phas no direct function i in the light- absorbing process o 


| Their exact action is not know n. It is probable 1 that they a are ee 

} somehow with ‘the photosynthetic processes, however, since, as empha- 

sized above, ‘they y alway where biological | reactions to light take 


Since it is necessary for to absorb light, one would expect 
4a find | that they are very well adapted for this. Most of them = 
broad flat structures, rich i in n chlorophyll, -— the leaves, , and these are placed a: 
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sayed are effective in photosynthesis. W hen light passes through a solution 
| of chlorophyll dark bands are seen indicating wher¢ ed 
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tion of the light. One sees this 
nearly a at right angles to the direct f the light e clearly ; 


is maple shoot (Fig. 4) ‘shows how individual leav es ar 
at right ar ngles t to the incident | light. In some Cases, as in the geranium _ 
a ‘ig. 5), the leaf-stalks curve so that the leaves ‘become perpendicular 
9), 


— 


— 


Shoot of Norway the horizontal of After 


tothe light. So Some plants do this: sO quickly tt es actually follo 
the | sun around the sky. Such mov ements s of leaves are really ; as 


case of curvature towards light. WwW hat is involved is not exactly a curva- 


ure towards light, but “a curvature controlled by light, through ‘the 


‘ hormone distributio n in the leaf-stalk. But the result i is that the leat 


blade comes out perpendicular to the light. 


_ An extreme and beautiful cas h ss plant. ' The 
—— An ne and beautiful case is. the so- -called compass ong 
“impression one ¢ gets i IS that t all the leav es point sith anc 
is, actually, fairly accurate in pointing north a 


reason is that during the time ‘the ¢ compass plant is grow 


— 
— 
— 
— 
| 
of 
— 
4 
— 


> 


Action of Organ 


= 


r to the direction 


latitudes, where it is found, actually more light falls | 


. 6. Shoot of compass plant, Lactuca scariola, showing the arrangement o 


in one plane (no 


= 5. Geranium pla Lubimenko. pias > east and 
Fic. 5. Geranium light. After L from the e 
(arrows) of herefore, if the plant 
, than from the nortk 


| terl 


‘is to ) adapt itself om to receive the total maximum ‘during its growing 4 


period, the leaves must be correspondingly oriented. an s involves com- 


—* reactions; there are three separate and ‘indep 
: e of the leaf. In Fi ‘igure 6, it can be seen chat leaf } B, v w hich j is 
the east a merely | bends towards the stem, while leaf 


ost “eye leaf surface. The shadow ed leaf ‘will ‘move sidewise, from 


Fic. 7. Ivy plant viewed from ihe direction of the s oe showing the Meal Seoesic* 


the leaf that sh it, out into > the “sunlight. is well: 


known example’ (Fig. 7); it adjusts. its leaves” so that they a1 are e e posed 


sand in the best way possible to sunlight. Whenever a ga occurs it is filled. 

=. by a leaf underneath. Thus the plant provides the maximum of absorp- 
- tion surface and, dinedions takes up p practically t the whole incident light. 


"And this again means, speaking in larger terms, that a very large frac 


; + tion of the land 1 surface will be covered with green leaves. — bois a 


i This i is not to say that a \ large fraction of the light is used ‘up in pho- 
tosynthesis. Unfortunately, this is by no means true. nti large amount 


of gp ‘that falls Is upon plants i is either reflected or converted into heat. 


mole- 
sugar 


i an att scaly how ‘much light has been used 


photosynthesis: 
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— a bility of plants to curve towards the light and bring leaves per- F 
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— 8 _ from the amount of organic matter built up. The main products of |” 
photosynthesis are starch and cellulose. They consist of suga 
4 cules linked together. It can readily be calculated how muct 
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della of Light on Organisms 


a Total dry weight of of an acre of cor corn n (10, 000 plants) = 


© Less ash (inorganic matter) . 


_ 


4 Total organic matter . 


(expressed as glucose) 
ToraL sugar formed (expressed as glucose) - 


" Energy needed to synthesize 1 kg. glucose (from heat of 


Energy needed to synthesize 8700 kg. we 33,000,000 KCal 
) Total solar energy av ailable | (1 acre) ..... , ae 2 ,040,000,000 KCal 


PERCENT ABLE ENERGY USED IN = 


mulion 
te 


Taking the weight 0 of an acre of corn a 
for amount of ash, , the change from glucose to starch < and aibaton, 
loss by 1 respiration, a figure is « obtained for | the total organic matter — 


4 formed, exguniend 2 as | glucose; then from the ene energy y of the glucose eas 


oO, 


3 


6 nth 
sidering that the « erea of the land is more or less. covered by the green 


plants, the actual c consumption of light in photosy mthesis is not very 


found that « only 1.6 per cent is s actually used i in "photosynthesis. Con- 


There are also certain photosynthetic b , whose products are 


not carbohydrates, but more complex fatty acids. These have a photo- 7 


synthetic process that differs from that of ‘green plants. They must — 
have ‘no oxygen, and they do not evolve oxygen, whereas the green 


plants do. They set free sulphur and certain organic compounds. ‘Still, 


we have reason to believe that i in these very different organisms, the | 


process is essentially the same. One reason is that these purple bacteria 
contain ‘both a - special form of chlorophyll, and also a large amount of 


a substance related to carotene. again, what looks: like a different 


type of process is apparently controlled by the same chemical me mechanism. 


4 Iti is is probably n not necessary ‘to tell tell you that tl the study and analysis of 


of green n plants will ‘not photosyathesize. This means that, in order to 
study photosynthesis, one has t ‘to take the i intact material and observe it 
from the outside. Iti is not possible to go in and break up the reaction 


into its constituent parts. | It is much like what happens about Christmas 
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n W uy to find out Ww without 
opening it. We can feel it and shake it to get some idea, but 


it cannot be ‘opened until the see is ‘To. d 


Deane different light intensities and rate of photosynthesis of 
wheat at three different carbon dioxide concentrations. Data of Hoover, et al. sit 
. From Meyer and Anderson. ( 


robably most important is ‘the understanding of the Way in po 
Is controlled by external factors, 


of the amount of carbon dioxide supplied. This has 
studied | by measuring the rate “of photosy nthesis, a a measurement 


which | can be. done easily enough, by following the ev olution of oxygen 7 
r the consumption of carbon dioxide. Harder’s experiments, as in. 
Bee: 
ie of later workers, the rate of photosy: nthesis was measured as a 


_ function of the intensity of light. ‘The lowest curve of Figure 8 st  & th 
that: as light is increased the rate goes up and soon reaches | Maximum 
When i It reaches: this maximum, it is is clear that more light i 1s of 1 no value. 
What is of value, however, is to give a larger amount of carbon dioxid q 
give a larger amount of car son. ioxi 


In the “next curve the arbor on dioxide concentration was nearly: four li 
high. The « curve r rises more steeply a nd continues sloping 
nuch meer, that i 4 the rate is. a function of — in tensity 


8 reater range. A further ris 


effect. . Evidently, wt is n 


—< 


— 
td 


* 


ob 

— 
tm 
— 

— 

&§ 

= 

— 

— 


Action of. 


principal — di or controlling the reaction, but carbon dio: 

This whole procedure | can be i inverted by holding the light constant 
= changing the araount of carbon dioxide. If the photosyn nthetic rate 


is plotted against carbon, dioxide concentration we again obtain : a curve 
rising to a maximum and then remaining parallel tc to the axis. W hen = 


“point is reached it is useless to give more carbon dioxide, but the rate 
. will be increased 1 by increasing tl the light inte nsity. These ‘relations | have 


® been established with algae, mosses and higher plants, so it is evident 
that they are > quite general. © The le point is, that if v we choose the conditions, 
we can make either carbon dioxide o1 or light the limiting factor. 


‘can 


- 
light is the limiting | factor situation an be 
directly to a number of known ic 


osy w 
‘conditions are such high « carbon dioxide concentration) that light 
the controlling factor, : we should ex 


to have no effect on the rate, and this is found to be exactly ihe. case. 

The rever se is ‘true in “non- -photochemical process s, that is Ww arming | 


cooling ar e effective i in changing the rz rate w hen carbon dio ide is = 


limiting factor. From this it follow s that b by suitable selecting of condi-- 


tions process can be controlled either by a light ‘reaction or by 


varies ‘with temperature, or, you Prefer, 


are at least two processes. in ‘photosyn 


are at least two. This also been’ inferred from ‘on the 


poisoning of photosy nthesis, some poisons acting on the light reaction, 


“some on the dark. Now it is very unfortunate, having got to this point, 
that we cannot sit dow n and formulate Just" what they / are. We k know 


“they are there, but we don’ t know w rhat they are, 


~W hen it comes to growing plants in the field or or forest, Pome principle 
comes into play” as a very important one. If a vlad inadequately 


lied w with then the best that can b e 
Supplied with nutrients, then the £ e got out depends on 


the nutrient i in the ‘smallest amount. And so grow th can be. limited by a 
"wide variety of limiting factors. In connection with ‘the work of the 


Maria Moors Cabot Fund, studies are being made by Professor Gast 


) atthe Harvard Forest on the amount of synthesis carried out by seed- 
. lings of of forest trees under conditions in which different nutrients 
- the controlling | factors. Int the case of nitrogen ‘there i is obtained a cur 


almost exactly the same as in ‘Harder’ and i in 1 other experiments. 
is, if the yield of the e plant is plotted againt 1 the amount of light, 1 the 


vt 1 goes “up toa a maximum as the light increases. This is | done w here 


4 

oa 

— 
4 
| 
a 
a 
i, result of the experiments on photosynthesis. By the application of this = : 
“2 on is reached that there 
in 
n — 
<2 
= 
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little nitrogen 1 is av ailable. But the same is carried « out 
. i hen much m more nitrogen jis taken up, we get very nearly a straight 
dine, , 80 o that, under high amounts of nitrogen, we get a t tremendous 


>recisely the same thing can be done by ¢ iving fix 
ne response to light. Prec isely the same thing | one by giving fixed 
amounts of light and varying the nitrogen. It amounts to the fact : thar 


when the nitrogen supply is low, increasing the light ‘is of little 

? Now the Cabot Fund is intended t 

Of photosy nthesis. Th here is ev idence ere the world’s ‘engin of oil 


will only last a few hundred years, , whether it it is one hundred ¢ or or sev veral ; 
“hundred. After that, unless the experiments. ‘Dr. Hottel is. going to 
é 


A discuss are remarkably successful, we shall have to look to timber or 


something prepared from wood or plants. T hree or four hundred years” 


may seem long to us, but it is not long i in terms of tree generations. 


Hence if we are to develop more ae use of sunlight by trees, there 
are not many generations to use. We can doa number of simple « le experi- 


ments, but if we are going to. rees piece we cannot 


oo 


artificial a whole te consideratior 


_ above indicate ‘that in the long run, for the maxi 


mum possible ield, it 


may be n necessary to do things li like that. 


Also there is considerable variation among trees | ofa given species, 


e using light more efficiently | than others. ' There is also a variation 


ween species. Different kinds of trees utilize light with ‘different 


Meu efficiency. Ww ithin = a group there are very W wide variations 


one aspect of the work planned is to select from m large numbers 
g races and to dev elop them, s sO that forests 


with | plants of r elatively high efficiency. This work 
brag nds of sorte Det : one is breeding, the other is propa- 
yo ating. tg order to breed and make hybrids, one must know something § 
about pollen and, particularly, about the chromosomes of. pollens. 
happens that in most of the important timber trees, which will 


bably prove our principal means of accumulating energy, 


, these facts 
not well known. Professor Sax is ; making a study of the successful 


srodu uction of hybrids, and hoosing- 
pr ction of hybrids, and choosing trees which for one reason or 


another seem likely to become i im ortant. 


‘The second procedure for developing such plants i is that of vegetativ e 


propagation. One must be able to. to multiply ; the hybrids which < are fc found 


to be efficient. This is usually done by ‘Tooting ci cuttings, but vunfor- 


tunately this i is on in the our for est trees. The 
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——-60hrtC<i‘é(w;~*;*;*;#€WAt «210 or 20 years for the plant to produce fruit. So, under the Cabot a 
a 60CtCi“‘i‘ééwTUW.— © Fund, one project has been to study the propagation of some of the a 


Light on Organisms 
more important forest trees. Here the recent knowledge of the plant Rae 
"ones which control root formation has come in very useful. Optimum - 
‘hormone cc conditions can now be provided. “Many i important trees, such as 
~ hemlock, . white p Pine, and oak, have been successfully rooted and ¢g grown 
from cuttings in our experiments. It so happens that the rooting of such _ 
“difficult | to root” plants is not entirely controlled by the root- forming = 
hormone. We know that these plants vigorously and that the 
"same hormone Is necessary for growth a as for rooting and still, ‘in 1 general, 
_ they do no not root. This means that we have | to study not only the know > 
“hormones, but also the unknown and, particularly, it is necessary to 
‘alip the “internal factors influencing the growth and rooting of plant: 
“parts. An example of the influence o of unknown internal factors i is given 
by red oaks; ordinary cuttings rarely root but, in our 
cuttings treated with hormone gave excellent rooting. The reason is that _ 
basal parts of the plants only were used. By the study of such things as 
— the position of cuttings, ; age of of cuttings, age of of trees used for cuttings, ; 
relation of | branches to cne e another and many other internal factors, 
it has been found possible to ‘oot cuttings of almost any plants by 


a It is apparent, therefore, that the effect of light upon organisms covers _ 


a very wide area. Even the study of the process of photosynthesis 


led us ‘into practic ally every ‘problem of plant p physiology, from fertiliza- 
tion to nutrition, chromosomes, and hor mones. One may conclude that 


> to attack a a field like this involves a wide access to different m methods, , and 
it is reasonable to suppose that. only attack of this kind is likely 
be successful. The ‘modern trend in research is tha that of collaboration 


between specialists in different fields and d, in the future, 
advances due to such collaboration are to be expected. 


; Beco F. Optima and limiting factors. Annals of Botany, 19, 281- 295, 1905. 
j Duccar, B. M. (Ed.) Biological effects of radiation. New York, McGraw-Hill, 1936. 
Haroer, R. Kritische Versuche zu Blackmans Theorie der begrenzenden Faktoren 
der “Kohlensiure-assimilation. Jakrbiicher fiir wissenschaftliche Botanik. ¢ 60, 
SPOEHR, H. A. Photosynthesis. New ‘Chemical Catalog Co., 1926. 
Mever, B. and ANDERSON, B. Plant chapter 27. New 
Tien K. V., and Deuste, A. L. Vegetative propagation of difficult plants. 
{ ‘Journal of the Arnold Arboretum, 20, 116-136, 1999, 
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R esea. earcl ch Fund fo Gr rant ts- 3-1 n: -Ai 7 


iz to 1941 


to o the Sigma Alumni Research Fond, appror opriated solely for grants. 
—in-aid of research, are gratefully received throughout the ‘year, but the | contributions 


“receive: red during the months just ahead determine the | amount which | may be appropriated 


ot 


for” research during t the academic year 1941-42. The Committee « on Grants. -in-Aid of 


ang Research (G. N, Calkins, Harlow Shapley, and Ww. R W hitney, Chairman) ) meets 
~ annually ohn the € close of the academic year to make the aw wards for | the following year. 1 


to 


Send in yc in your - contribution, large o the National ‘Secretary. Basle is 


your opportunit to ‘share direct! in 
your oppo y y in 
The Quaxrenty i is sent for on 


(Nations! Xi 1937 and 1938) 
omic Structure—Lawrence; Viruses— Stanley; ‘Virus 


tabolism—Benedict. by Harlow Shapley. 


Second Series. s. Published December, 1940 


) 


(National Sigma Xi Lectureships, 1939 and 


Co rents. Hereditary Mechanism—Stadler; Pant 
Fulton; Carolina Coast Craters—Johnson; Age of the 


is Edited by Gronce A. 


should of your local or Club, or sent to the National 
Secretary, Sigma Xi, Yale University, New Haven, Conn., in order to take advantage of the substantial 
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KES US GE ROW 


I N no other part of the world and at no prev ious time in history has — 


L life been so | greatly influen ced rate science and pee in the 
States today. This -influe means of 
living, but likewise to our amuse ments, our thinking, and to our religion. 


for their exist 


on, control 


embra 


i sek an un 1 variet a food. 


Wi ith the help. of rapid communication, the government coordinates the 
activities a widely: distributed our, continent becomes a 


t 
uniqueness American society. was impressed 


“pea me when recently I was speaking | on the human effects. of science 
toa group ) of students in India. I was about tc to remark upon the appli- 
— cations of science in every day life, such as as the electric light, motor trans- 
"portation, mechanically woven cloth, , scientifically selected seed, , inocula- 
Bee against « disease, “pasteurized ‘milk, and conv versations over the tele- 


phone, when I realized that these things were no part of the exy experience 
e my listeners. Even in England I found my colleagues dreading the 
approach | of the world of technology which we have come to take as - 


q gg of life. ‘East Or west or north or south » the American al a a life 
n chn logy than his whe 
less deper adent upon t te ol gy tha om 


There i is No doubt that science and its applications | ave ‘supplied rea 

“needs. ‘Through their help o our average life span has been nearly doubled. - 
We « enjoy better food, housing and clothing. We are freed from long 

hours of physical drudgery. opportunities for “education amuse- 

“ment, and cultural development abound. Yesterday 1 my son was m nd 


a 


tied,” remarked the foreman of our shop. ' “With a a wife, a car and a 


“radio, what more does man want?” Thus the American rates” 
ay try to lead a primitive life. Having a. 
of miles. ov ard we arrive ata cabin i in the 
wood, cook Chic on a stove using © : 


ca 


Jersey, ai an ad n outboard m 


SCIENCE MA 
ions 
ated 4 | 
lof 
is is ican CiIVUIZALION MICIUaeS CICS, Willen Neea 
‘ence mechanical transportation, steel rails and girders, el 
s to preserve food, careful sanitati 
ews — | 
sin 
Me- 
— 
7 
| 
7 
Tr. 
tional | 
otor made in Michigan. 
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» ax 
river, only our steel axe e and ma made in is 
Ohio from Louisiana sulphur to light our fires, fruit canned in Cali- a 
fornia’ for our food, and mosquito netting woven in New England to ae 
-4 keep > off “pests. ‘Though, we want to. be free from the ring « of the 
and to use t the sun as our clock, we must take care the 
on milk we drink is pasteurized. ‘Thus the American frees himself from : A 
“technologyt 
U pon our social organization and our cultural life the effect of this | oi 
-hnology has been 1 revolutionary. The men and women Ww who live in &§ e 
Nis apn and farms have become completely depen den nt upon each other. _ e 
7 1 contributes his own share with the efficiency of a specialist, and 1 re- PMs 
“a ceives f from many others most of the things» with w yhich he liv es. Inj pros- Fy a 
s days the resulting life in America is m more abundant in material |. 
~ goods than has” been the life of ; any large social group in history. Yeu A 
when times" are hard, as in older less technical civilizations from time y 
immemorial, unemploye ed laborers, dispossessed share- “cropper, I 
~ bankrupt business men . live on the verge of starv ation, and curse the $ 
technology that built a world in which their ow - n 
ng for h the n es of life. 
In factory a nd in home “are those w hose “monotonous tasks 1 nake 
them feel as “cogs in a great machine. Yet the average level el of public 1 
education by our schools and colleges i is rapidly rising. Through maga- 
=f zines, radio, movi ing , pictures, and unprecedented t trav el by rich and | 
— —po r, our contacts with the world are greatly multiplied. New professions | 
ise that are science. | becomes as ell as 


ience thus give es to man three Promethean it supplies 


> adequate means of living; giv ing longer, healthier life, and a richer 


variety of experience. Second, by placing a high premium | on exper 
e and by rew arding “more” abundantly cooperative effort, i 
stimulates man’s - social dev elopment. Third, science serves as a vehicle 
a cultural expression and forces further moral and religious growth. 


The gift of fire was a mixed blessing to man. So also | are the gifts of 


modern science. With new powers war becomes more fearful. Rapid 
social changes bring maladjustment and misery. Even the anchor of re-_ 


ligion is ; found to drag as the storm of science blows. One is reminded of 

e legend i in which the people complain to to Daedalus that the steel sw ord 

1e has given to o King Minas will bring not happiness but eal 

do n not care. to o make n ma val happy, but to make him great 

j n by science 
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‘Science Stimulates Social dies wth 

George Sarton, in his recent’ book, * rence and the Nev 

shows how through tt the a ages man’s incre of the world 
a made him ‘develop a distinctive life. Science and its application, he 


points out, have m: made man human * 


Note how technology in American society places. an “unprecedented 
emphasis upon t the value of increased education. " The use of steam and- 


. “electric po power - has decreased the need for common labor, w hile g growing x ae 
specialization has 


increased the need for those w ho coordinate ov our: 


“activities. Thus the slave has’ bee freed, and unskilled labor is to a 
ed. lled labor, how ever remains vital to. 


q higher requires middle-_ 


| men to handle its varied commerce. \ astly increased numbers of profes- 


sional men and women have been ‘ete in occupations of r ‘sespomei 


bility which before the era of technology were hardly known. Here 
: find the engineer, the secretary, ‘the economist, the patent nt lawyer, the 1 re- 
search scientist, and many others. The « citizens responsible { for f planning 
QRS 


the work of society have: never been so driven by. ceaseless. demands as 
in today’s . Reflections of pressure are be seen in the 
t multiplication ¢ of governmental offices , in the rise of schools of business ¥ 


and public administration, and in ‘the frequ 
— professional m ‘men \ driv en beyo ond endurance. ‘The m masters of so- 


ul 


e the servants of all, in an unresting labor | ‘that 
io no freedom. By emphasizing the need fot r intelligent. direction, 


and. reducing the need for unskilled labor, technology Is thus spurring : 
Americans of all levels toward an ever ener standard of training and 


E contemporaries have presented c ar 


“show that the American system | of unive ersally” available higher e ed 


cation lead to ere unrest’ men | and trained for a life 


of the intellect find ‘that they must live by their hands. In large areas 


of our coumtry twenty-five per cent of the total population of f college 


ge ar re now atten nding college. ' Two generations ago the figure was two 


is amazing that these vastly increased. 
white- collar jobs. they seek In spite of our education, 


Prophets of. doom ot 
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“numbers of highly ‘trained men and women as rapidly as our univ versities 


have been able to . supply them. The result instead of being tragic has 


been the happy one of giving our citizens an unparalleled opportunity a 
for intellectual growth. Through their more extended education, millions 8s 
our citizens are awakening to a new understanding of life’s values 

Such is the humanizing action of science 
2 
To visualize how our gradually growing knowledge has: from the 
beginning stimulated man’ ’s growth, let imagine the last million 
years of his history to be compressed into the lifetime of a - middle aged ¢ 
man of f fifty. Let us suppose that he is 1 reading this article on 1 a Saturday 

s g. It wa was then as a child ‘that he learned the use of certain odd- I 


aa sticks 2 and stones as tools. The meaning of sounds became e definite 7 


the his yr By the time had 
be: = the art of skilfully shaping stones to! fit. irs needs. Last year a 


a 
| 
nm 
‘© 
n 
3 


tures a as s symbolic writing. ‘Less than two ago t ‘the: Phoenecians 


art science ancient 
the start of the R Roman and ls 
week later + Rome fell, hiding for some | Ww weeks the values of civilized life. 
Last Sunday morning, so so the report has it, Galileo dropped the heavy 
and the light cannon balls from the Leaning Tower of Pisa, ‘refuting a a 
proposition of Aristotle and starting the period of modern science. By 
W ednesday afternoon this had led to building the first practical steam 


engine, and it was at about this time that the United States came into 


— 


be cing. On ‘Thursday. the major laws of electromagnetism were being 
o dis scovered ‘which by last ev vening had giv en us the te telegraph, the tele- 


fas phone and. incandescent ent electric light. Only last night x- x-rays were dis- 
covered, followed quickly by radium and wireless telegraphy. It was 
this morning that automobiles came it into general use. Air ‘mail began 
— 

to be ¢ carried only at noon today. Popular short 5 wave broadcasts, ‘Prac: 
tical color or photography, and fluorescent lighting were unknown | until 


were discussing recently the problems the rising 
eration. My dinner partner r vesinthed that she saw no need for worry” 
Ss on their behalf. W ith the introduction of the automobile, the ‘moving 
& Pat picture and the radio it has been during our generation that ‘the great 
changes have occurr red. ur experience | 


chang 


geo exist, are basing their 


furt 
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= = who, noting that no he 


predictions ‘on the hy pothesis that our nation has reached a stable — 


survey of publications and patent office e records 
shows on the c contrary that the rate of growth ofo our scientific knowledge ” 
and of useful inventions is at an all time high, Tt is these advances 
that are responsible for the accelerated social changes exhibited by 
; ‘quick. rev iew of hi istory. If our experience can iably tell the rising 
n anything, it is that they may ate an even reater 
elopment of technology and corresponding change of social 
The knowledge of nature, which from the beginning had been 
man’s gra adually but accidentally increasing heritage, has now onl 


the co onsci ious objective: minds. In 


is 
* Trends of Social Evolution — 


We may think of these changes in living as an aspect 


4 adaptation to environment. It i is in fact social evolution In a sl 


mys 


- thousand generations, man has changed from an individualistic to a so- 

a cial animal, and that change i is continuing at an increasing 1 rate. It is 

- thus important to “consider what the directions may be along which 


ev volution will proceed. 


3 
i Ti is ‘clear that we may expect those modifications in our way of life 


‘to st survive which give > strength to the s ‘social group. ‘Prominent nt among 


these strengthening factors are knowledge and cooperation. Enough has . 


said regarding: the strength that comes ‘through science and tech- 
nology. The continuous growth of scientific knowledge which Sarton 
observes throughout | human history is thus to be expected from a 


ial 


ial “groups which work ‘together. ‘Thus more e closely « coordinated 
be considered a an 


| 
evo lutionary trend. 


Science Makes Us Grow 
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y also that the conditions have “now = 
economic, s social “political units are th nger, wi 
Before the period of rapid, communication nm and transportation e “units 
ecame unstable. As ; ar result ¢ of geographic exploration, steam and motor 7m th 
y transportation, a and d telephone, peers, , the moving pictures and. tr 
= 
the radio, we ves an d obtain: our needed 
supplies f from f far corners of globe. Intellectua lly science has alre eady_ 
man 1 a citizen of the world. The present tu turmoil at least | n 
art ascribable to the need by a technological world for the dev velop- Bt 
rer economic and political ‘units. We are rapidly m moving 
‘the condition | under w hich the only “stable life is that which | n 
‘the whole planet is a community. W ith continued growth of 
rience and technology some ‘kind of world 
— inev itable, and in the not distant future. q a 
Sc ience Threaten Human Values? q d 
surpri hat th have Known — 
It ‘Is not surprising that those hav n and 
tradition of classic culture should dread the approach of a technology, 
which threatens the values they have cherished. r hey see science oom bi 
ing the human interests present, in literature, art and n music with tech-_ 
nological dev in w hich the human factor becomes 
signi t. The most fundamental values of mortality and religion — f 
are ruthles = shakes, with the implication that their value i is negligible. a 
It is § just because so many scientific men seem blind to these human 4 
difficulties that one feels the greater concern lest in following science | 
‘There i is a in Plato’s Phaedo i in Ww hich Socrates describes 
sics he had found that sic ‘ 
\ 
wo 
A _ cause of certain tensions of tendons s acting | on his bones. T he true en i ' 
‘rather because he has been condemned by the people of Athens, 
q 
as a man of honor he cannot creep s stealthily away. Such ‘mor 
_ forces as honor are not to be ex plained by science ; yet these are forces _ 4 
that shape men’s acts. Since it did n not meet t their hi human needs, the 4 
followers of Socrates and Plato abandoned science, and the study 
a ica the truths of nature were forgotten for a thousand year: A 
For those who know science, , its inhumanness i is a fiction. W e have 7 
<9 noted how science is making man develop i into a social being. We can 7 


~ now begin 1 to see the cultural expression of this social grow th. We look 
to science to satisfy, the | human hunger | for a better understanding of ‘the 


~ world. T he c civ ‘ilization \ which i is being built with the tools of science is one 
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Science ales Us Grow 


h which requires man’s moral growth. We must recognize with PI lato that oa 
Te without a central objective life has lost its meaning. ¥ et in this age when yo 
ts “men throughout the world are trying to formulate a by which | 
or they | can live, it is to science that they are e turning with confidence 1 in its _ 
ad 
L ife inaC hanging World 
is that your ’cello?” Kenneth, who asked the question, 
 & sai first playma mate our son h had iound on coming t the new city. * “One of 
‘the ‘celloists in our junior orchestra has gt raduated to senior high, and we 
pe someone to ‘take his place.” ‘Thus Johnny found that after all he 
ch 
of wasn't going g to miss playing with the school ee which he had so 7 
Ten years ago we we we ere noting ng with ; alarm the dininieien of the p ae ; 
fessional musician by the radio. ~The musical “public w as, we were told, | ; 
degenerating: from players to listeners. Now w we find millions of Ameri- = ll 
he “cans for the first time aware e of orchestral music. In the shops the demand 


for violins and flutes: and cornets and drums has multiplied. 


M lost of 


- instruments have gone to the tens of thousands of school orchestras | 
he bands which are giving boys and girls the chance to share in 
ba a harmony. Throughout the country the musical standard is rising. 
i College glee ¢ clubs sing better, songs. Sound movies and radio programs 
7 } find they must continually improve their v ariety. A hundred ane 
i sy ymphony orchestras now play v where there w ere a score. 
an 
.- 4 The example of the school orchestras is typical of the w way in Ww which a 
ce 
broader base for the fine arts being dev d among millions in our 
ae country. Iti is not impossible that use of the radio may ‘mask the birth of ; 
Ps a new era in American music. Ina similar way good color hese : 
of the best (and perhaps the worst) paintings s have recently become 
ras 
: widely av ailable. One might have feared that the opportunity thus af- 
- forded 1 for the vi icarious enjoy ment of great pictures s would discourage 
<a @ the "amateur painter Ww ho : sees that he « cannot compete w with the masters 
he director of the Metropolitan Museum of Art tells me, however, that 
ta’ | sixty thousand professio nal artists are now listed in New York City, and— 
ccs that the interest in amateur painting rapidly increasing. Over the 
country are to be found, 


likewise, camera clubs and photographic exhibits 
where amateurs vie with each other in finding the most pleasing effects. 


Thus ar artistic America - well. ‘as musical America. is finding its soul i in 


tly in an apartment t by 


| 
! 
_ 
f 
» a ‘ 
ave 
can ing bs 
90k SOCICLY WHOSe CUSLOMS ana 10Cas ale ONLY partly 
= ditions. For example, I have been living rece Dine a a 
one a streetcar clangs its noisy course. The 
— 


the: vapid that the city possible. Now, how. 
r, the demand is 1 insistent that: the streetcars be ‘replaced by quieter, 


ream- -lined buses that will permit « conv ersation by day and "sleep by 


whee" 


ight. Thus the first application of technology was to meet ‘the primary 


enjoyment. As long as growing science such changes 


n our life it is futile to hope to attain an an adjustment « of the art of living 
e ing can compare in refinement with the classic culture initiated by the 


Greeks and developed i in Europe and England through centuries of slow 
s our knowledge grow s, however, Ww e seek to build 3 a 


greater culture | upon a broader, firmer base. 


it remains doubtful whether science has y yet earned a true aie in Saidiics, 


tion. At on the other hand, three of the four of 


ascribable to the: need for at least a passing knowledge of science in in ev every 
/ profession; | but it nevertheless. represents truly our educators’ judgment 


of the value of science in enriching life 
ae To the man of science himself, it is primarily as a method of developing 
~ the human spirit that | he values his w ork, In this is regard science is t to him 


a truly cu ultural pursuit. H . His study affords “exercise of imagination and 
broadening of p perspective. Whereas to Plotinus it appeared that, “Tt is 
through i intuition r ather than through reason that we may approach : our 

” the scientist finds that in the discipline of une 

"prejudiced search for truth lies the beginning of wisdom. Thus, in he 


‘Science seems to me to the highest 


ES manner the great truth which is embodied in the Christian concep- 

tion of entire surrender to the will of God. Sit down before a fact — 

' as a little child, be prepared to give up every pre-conceived notion, 
ee follow humbly wherever and to whatever abysses nature leads, om . 


4 


4 
— the discipline required to share i in the effort to widen the horizons of 
atsste knowledge. Certain fields of | science, notably astronomy, have, howev ef, 
Ens * enabled amateurs to take p part in their enterprise, and anyone can learn 
om to practice a scientific approach to the everyday facts which shape his 
- acts. It is hard to suggest any method more effective in bringing about a 


widely spread” regard for impartial truth than by | the growth of such 


it can be fully appreciated only by those who have themselves submitted 


a certain degree this humanizing aspect of sceince is esoteric, 


“= 


~ 


ea 
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_ = st is but natural that in a society so profoundly affected by science our | 7 
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Science Makes Us Gros 
active - participation in scientific endeavor. Herbert Hoover speaks for 


American n science when he “would ‘strengthen the national fibre by in- A 
that veracity of thought which springs | from the 


of the moral implications of of science. Perhaps more ev ident i in historical — 

"perspective is indirect « consequence in the moral grow th required by 


‘the socialization of man. Just as the automobile demands sobriety, 0 or 
“congested life makes necessary careful sanitation, the mutual ie 
pendence of ‘people in a technological civilization implies consideration 
of the rights of others. James Breasted has shown how the e growth of 
“community 1 life along the Nile. stimulated among the | Egyptians the 

“dawn of conscience.’ ’ Professor Cheney, in his retiring presidential ad- _ 

dress before the Amercian Historical A Association lists prominently among - <a 
his “laws” ¢ of history the trend toward a greater consideration of one’ 


fellows as In « American 1 technological 


while hardship. co any fails his share. Thus. us science and. 
"industry are emphauizing as never before the 1 need of the > will | towards — 


cooperation. This is simply the Christian doctrine of the love of our 

neighbors as expressed i in service. 


Science Demands | Religious Crime h 
» Both directly a and indirectly science affects also religious attitudes 


4 effect of the i impact ‘of modern s science on Christian doctrine is example 
ofa long historical development of religion a as influenced by man’s grow- 


ing) understanding. Among the more thoug ghtful members of the American 
community there appears no longer any serious intellectual threat by 


science against an adequately formulated religion. Sain nt Paul described 
“the religious man as one who ‘ “is alive to all true values.” ’ By “enabling 


men to to see more clearly v w hat these values are and to work for them more 


- effectiv rely, science has, as Dean Inge recently remarked, become an ally 


of religion. If our young men dream dreams ofa greater world they 
a would build, and our old men see visions of a better society, it is largely ; 
because. of the new powers: that science has giv en. ‘As never before ' we 


can share with our Creator the great at task of making our planet a fit 


- 


ad On the other hand the world of science and fowl one in which | x 


ward the best. Thus ; attention to the fundamental problem of 
supreme demand « of an age of science, Sea 
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his | great demand of modern life is for adequate guidance in directing the 
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a 


the motive Organized industry gove ernment constitu te the 


America it is our religious leaders who have seriously to 


answer this question. at 


7 ia Most meter of the factors that ; giv e strength to man is the vision nof 


a goal | which he recogn izes as worthy of his supreme effort. On this basis 


| enin rallies all me Russias to support a a communistic world Id revolution, 


Hitler makes a a sick | G sermany ‘throb v with | V itality by the sacrificial call to 


lfare of the state. Here are unifying 


every me man | to devo rote himself to o the we we 


cness in y it is 


ial evolu- 


n will 1 not t let u us surv ive in in competition nations 0 soci ial groups 
that know where they w ant to go. . Our formal religious organizations 


“offer just such divided counsels. As one who has been activ ely concerned . 

oa with efforts to bring amity and understanding among Catholics, P rotes- : 


tants, and Jews find it easy to become discouraged. These are those 
“whe ho know best that to glorify their God they must seek the w relfare of all 
et among ‘them are suspicions and jealousies, deeply based 


alc hicl 


ir 
ur spirituz l - aders divide us, where is our hope? We ' 


“Art irist, , or 


4 Sci ence pr resents to religion i greatest chall enge a a millennium, that 

of presenting » modern man with an objective adequate to his needs. We. 

cannot be satisfied w ith the cold, godless nationalistic doctrines of 

E urope. .U ntold strength and comfort lie in the ancient teachings; but we 

find no life in much of the diluted, s supine and self-interested dogma that 


oughen the oad of friendly “cooperation. 


is now being taught in the | name of religion. Yet religion we must have. 

_ Never were men more eager to work for the best. WwW ithout the unify ing . 
“religion, that can show us that best, our lives are our 


society cannot long endure. 


Science it itself i is not that 1 religion. Nevertheless, though | 
science may not feel qualified to choose for others that w which gives life 
gps and Ww vorth, he does s supply the data from which that choice must | 
ade. - How can we correctly, “orient ourselv es without learning the 


t the work) and dispassionately_ considering their implications: 
istian’s Pwr is, as Paul says, , “that your ur love may 
insight, so that you may havea © 


is, s, 1 believ e, in gale this direction that science 
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of {Technology 


v inc ed me ‘the among + 


“speakers and writers ‘must such | a 


- discussion by expressing the earth’ h’s r reception of solar energy in uni a 

one | has thought before to use, the more startling the better. In 

eepin wih this tradition, shall mention few old ‘figures and 

Keeping 

‘add my own. The earth and its atmosphere interce pt the equiv alent - 


“in energy of 21 billion tons of coal per hour; six million tons per second; 


“the equiv alent in three minutes of the annual American energy -onsump- a 


tion of about one billion tons; energy at a rate sufficient cach year to = 

a layer of ice 114 feet. thack acre at equiv valent eq 


“the discharge healthy stream | 

‘oil instead of water. 

Having cational beginning, let m me add what man 

that figures. such as these are almost to the p 

lem of A utilization’ of solar ene hed the probl 
nventors who have approa acl lem 


N 


1 ch to “approach an engi- 


‘neering prol oblem; and I want to use a little space in an endeavor to 
put you in that mood. Consider a solar power plant utilizing one acre 
‘of land, and operating on the principle ‘of conv ersion of solar energy to 
heat in steam used to run an engine. There is incident at noon, nor mal 
to the sun's rays and outside the earth’s 7400 er 


ight as heat in the working fluid to be used in the engine, the quan 


tity drops” ‘to about 3300 horsepower. Utilizing the. highest achieved 


e of conversion of solar heat to useful ower (results of Dr. 


4 


Abbot's experiments), the horsepower « output drops to 490. These cal- 
culations have so far. all been on the assumption of normal eee 

3 Presented before the symposium on Solar Energy, Harvard Chapter, Spring, 1940. 
Two other papers have been published i in the Quarter-y: I. D. H.- Menzel (Vol. 28, pp. 
-164 Thimann (this i issue, pp. 
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on the ‘collector sy stems. To achieve this ollector must 
be mounted to tur ‘n with th the si sun and must be far enough fro mM its s neigh- 


“ff bor not to: shade the latter i in morning or afternoon. Introducing a 


- ground coverage factor of one- -third to allow for this, the output is cut to = 
163 horsepower. But this figure applies only to the hours when the sun Le 
shines with full intensity. Converting to a 24-hour basis ak operation on 1a ab 
clear days in summer in Arizona, the output drops to 83; or in Winter 4g th 
to 46 horsepower; or for the year to 68 horsepower. Passing on to the 4 ; th 

average year of New York weather, the € output is | down to 30 horse- | 9 a 
power. Even if one one “stops ata reasonably attainable. value of 50 horse- 
Power in Arizona, that ‘figure is 45 soth of the original 7400 horsepower. 
4 For rough orientation as to the meaning of ‘these figures, : suppose the | de 


possibility of a 50 ) horsepower steady output from an acre in A Arizona | @ 
‘be accepted. . To o evaluate this power, let it be assumed that electric : & 
— can be produced i ina large modern steam plant ata cost of 06 


ts per r KWH, or $53.00 a kilowatt “year, making the o output Pl 
ne acr e worth $1900 per year. In the. absence of knowledge of | “ag 

ts, maintenance,  etc., one ¢ can only guess the capital value of of such 
Capitalization at 15 cent is almost. certainly cover 


, or $2.60 per square mad. Seve the ground is 


= third, $8.00 are available to build each square yard of reflectors, 


nts, and accessories. ‘The result is one so often encountered in engi- 

nee ring projects: - indecisive. It may t be > possible t to build a plant: for such 
ne more exact knowledge of performance and Costs is 


s at hand in making” the above rough estimate. W hat 


ty wanted to emphasize by this preliminary considera. 


is to engineer, namely, power is is. 


“not there ust for: the taking 
x However, this preview | has at least indicated wis was power is not 
“completely outside the ‘realm economic feasibility. Iti is worthw ile, 


‘ithe n, to examine in ‘more detail the problem « of use | of solar « ry by 


o 


conversion heat, a problem which has the 


for three- quarters of a 


in 


at is. ‘nearly 100 per « cent, but 


bove the surrounding air temperature dows 
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— Gs ‘ entary principles of heat transmission. | | | 

_ 7 7 If a black metal plate is exposed to the sun, and cooling water is run ¥ 

= ~~~ under the plate fast enough to keep the plate from rising appreciably : 

— above the surrounding air temperature, substantially be 

— Bn water; the efficiency of collection of h 

the value of the heat is dow be of | team | 
50 ab a 


Artificial Converters of Solar Energy 
oug to rise in temperature, there i is. the same 
interception an nd a bsorption of ‘solar energy | by "the plate; but now 


much of it is used in 500 eel plate 1 up to ) temperature; it is lost to 


the surroundings by radi convection, and very little of the 


absorbed energy appears in at water stream. To i improve the Tre 


the losses must be cut dow n. T here are several w ays. The back side of 
price 
the plate may be insulated, since it never sees the sun. Or a plate of | 
glass may be placed cover the metal. plate and goneceiog it, with an 
inch oF so. of air — tw es absorbs 
bout 90 per cent | fe 


—but the | losses a a metal to the outer atmosphere are reduced: 

} the conv vection loss because of the imposed stagnation of the 3 air, and 
the radiation loss because g glass, though t transparent to ‘the st sun’s rays, 


is opaque to the long-wave infra-red radiation emitted by the hot metal. 
plate. Variations of this idea | include the use of several glass plates and 


of f glass vacuum chambers. Another method of cutting down losses I 

‘to > reduce the area at which 1 losses es occur relative to the area of t the i inter- 
ceptor of the energy t o be collected. done by the 


favorable ori 


tat 


rea 1 and brings them toa a focus o on an objet 


nt 
rays, or by use of a a con 
a lar 


ll the hig 
r solar energy collectors : (1) by nature of gered the collector | 


(whether and how completely it follows the sun), (2) by amount of 


concentration achieved by "mirrors, (3) by amount and | type of insula- 


tion of the receiver surface. ‘It is perfectly « obvi ious 1s that many | of the” 

early inventors: and engineers in this field were familiar with these 


principles in a general way. _ (A lantern slide was shown, presenting some 


of the efforts of the past so classified. Sena ce 


One might now ask, “With all this work, have not the possibilities 


of energy production by conversion to heat t been sO thoroughly studied a 
as to ) yield a definite : answer?” Unfortunately, no. Qualitative familiarity i 
with» the principles involved these men had certainly; but w the: 
exception of the work Dr. Abbot, their experiments reco 

indicate inadequate "quantitative knowledge of the ‘As an 
example, co consider the simplest possible c collector, the flat plate a 


with several air- spaced glass day ers. Willsie’s work ; at Needles in 1909 
indicated the possibilities of this” ‘simplest of solar plants, but it left 
unanswered the question of merit relative to the much | more -efficient— rs 


and more expensiv ve—plant c of Abbot, and d 


ws 
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- the design of such a plant f any giv en climate. mong the Projects th 
at M. i. made possible b Dr. Godfrey Cabot’ endow: ment for le 
research + on utilization of solar ener —_ s one ha aving as its first objective = th 
the determination of the performance of solar energy 
collectors of different types, the performance, of course, being correlated B th 
with records incident solar energy so as to permit calculations of W 


expected perform mance in. any locality wv where sunlight records are avail 
able. The first and so far he: only type of collector studied has been. the . we 
flat plate, w hich will now be considered briefly. fot) a 
Since each additional lev glass and air cuts down the losses 


one could build a collector which, without a any - focusing or concentrating 


dev ice, would still collect efficiently at av very” high temperature lev 


But the best glass is not perfect. Tt doesn’t absorb much solar energy 
_ when one picks the right glass—and there is ample ev idence that early 
experimenters W were too casual i in their choice : among g glass in that respect 
about 4 p per cent at each surface. Con- 
sequently as glass plates are added the point is ultimately reached | | d 
Ww here the reduction in heat loss from the metal plate is more than p 
- offset by the reduction in intensity of incident radiation due to reflection 
~ losses. The optimum number of plates to use will be less the more intense 


such a plate, i it is is apparent that with glass having perfect transmission 4q 


-—but there is a reflection loss of a 


the - sunlight, more the colder the weather and the higher the tempera-_ 


The ¢ controlling part play ed by reflection init in the design of flat- 


: plate collectors having been brought out, the desirability ‘of a low reflect- 
a ing glass was discussed with I rofessor Hardy, o of our Phy sics Depart. 
weer 
‘ment. . The result was the invention by Drs. ‘Turner and. Cartwright of 
a method of processing glass to give it a perm nanent surface of reflec- 


ity approaching zero at one point in the spectrum. The process has 
rom. 


already demonstrated its importance in a great many uses ranging from 

SF acle lenses through bomb sights to high speed cameras and the | 


- corona camera which w as described to you in n the first article of | 
eries. Here is an excellent example of a need in one field stimulat- | 7 - 
earch, the results of which 1 have y applications in other fields. ' 


solar 


The glass has ‘not yet been used for an experimental solar energy, 


ors im tilt. 
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— a arg the attainment of temperatures up to 
j Tenses or so-called concentrating devices 
Another problem of flat-plate colle 
Obviously they are too cheap a type 
» being mounted to follow the sun, but they may profitably be tilted per- 7 
manently towards the equator. A little consideration will indicate that 
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ects ‘the optimum tilt depends very definitely on the use to which ee | 
for. lected heat is to be put. if the objective i is the maximum collec ction during — 


the entire } year, tilting should fav or the summer season. If, 


on the other 
hand, t the ‘objective is to supply heat for a load which varies throug! rout - 


the year, the tilt” should be chosen to- favor that part of the ye ear in 


which the load is h righest. = 


ang 
=~ 


As” to the use of such collectors, it has already y been indicated that 
“one must find first just what they can do. But speculation i is permissible. 7 


One might visualize a large artificial lake 1 with sloped sides formed by 


throwing up an earthen | ring around a surface- scraped. center, . the bottom _ 


and sloping sides: bei ing surfaced with asphalt. F loating « on this is lake, 


which i is sale 20 to 4 ) feet deep, is an enormous raft cov ering it com- — 
“pletely. On the raft is a lay er of insulation, ‘then a system of flat- -plate 


‘collectors. Forced circulation of 1 of lake water through the | collectors w hen- a 


‘ever they attain a temperature above the re reservoir will produce a larg re 


i ot water available for continuous oper tion of a power slant 
yody of hot ible for cor pera I plant. 


The working fluid in the engine might be low pressure steam or , to ct — 
dow n engine size, a fluid w hich boils at low er temperatures. ‘TItis not 


possible | to state at this time " hether such an idea has as possibilities. ae 
_ Another less ambitious use of flat- collectors “might be that 


ense house heating in relativ ely cold, but ny climates, or s ummer air 
era- conditioning. Some preliminary figures ‘may indicate the prospects 
M4 this direction. Consider house hea ating in New England, and | take asa 

flat- basis the fur nishing of one therm of heat throughout the heating season— 


ect- | q 100,000 B.t.u vee the heat obtained by burning ‘one ga gallon of fuel oil w vith 


art | @ normal efficiency of combustion. ‘Tf one square foot of flat- plate recei 

tof Fe covered with three plates of glass and til tilted 40° southwar ard is oper: 

flec- in connection with 1} Y cubic feet of w vater in a well- insulated tank, 

has 4 > the water is pumped from the tank to the r receiver and back whe 

rom | | the receiver is hotter than the tank, the con nbination will supply all but 
the . A‘ IS per ce nt of th th re 100,000 B.t t.u. required during the season ; the 1 

le of per cent has to be supplied as auxiliary heat i in December, January , and 
alat- February. ‘The value of the heat save ed is s the cost « of 0.85 gallons of f fuel 
elds. ‘oil, or about 6c. Capitalizing this at 6 per r cent gives only $1.00 avail- 
ergy able to be spent on the roof collector and tank. This is wlidaly not maough 


but the answer is interesting ——— we have not determin 


ocalities 


ity. the idea looks “interesting for 
= here the ratio of winter to summer "sunshine is somewhat n 
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= the apes of lower efficiency of collection i is a point 


Whether the use of flat-plate collectors ‘together with ‘a storage sy ys- 


economically, possible for house heating or air conditioning j in 


n areas of the earth, whether other types of collector will prove 


_ cheaper for these uses or for power generation, whether ‘power genera- te 
sh 
r heat demands the dev elopment of a a new heat engine : 
, and Seswrien power generation by any process dependent on direct fr 
“conversion of sunlight | into heat with consequent ut unavoidable losses due . 

to the degradation of energy is sound—these ar are questions ns which it is. fe 
hoped this program will help to answer. Regardless of the result, the ' 
resent considerable and increasing importance of solar heat for hot 


water in certain oar s of this | country indicates the need for a aaa 
actors involved in the design of collectors. 


come: to a se econd , related to the o one just 


‘enormously ¢ on the capacity the plant; and) we 
have seen that solar power does, not now look very attractive when | 
. _ compared to large- -scale operation of steam plants. If, on the other 
hand, it were possible t to operate small “solar plants with ef efficiency 


comparable | to large ones, the c comparison with fuel-fired plants might ; 

lead to ‘some very d ; different conclusions. So far as the collectors of the 
sunlight are are concerned there is little indication that the cost should be 
other ‘than proportional to the amount of collector area. If then i it were 
possible to devise an engine» moderate efficiency” even in 
‘units, “one might hav - something worthwhile. The second project is, 


type of engine which may have just er 


2446 


hen two dissi ilar conducting materials are joined i 
a junction ons are kept a at different temperatures,  &¢§ 


t ju unction, ‘portion of its energy | is 


. 


; Jie to electrical } energy and th the rest st flows out of the cold d junction | 

sy heat. The phenomenon involved here has itself long been known; 


_ many investigators have been led 1 to speculate upon it as a possibility for 


heat flows, into the loop at the 


large- scale thermo-electric | power production, but then to dismiss it as_ 
Spartan because the effect i is small. The best results of the methods 

Om showed an over-all efficiency of conversion of f energy from gas | to elec- 

y of only 0.6 > per cent. Consequently, until recently, the so sole use 
d the — has been i in the measurement. of tem peravore. 
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Cone erters of Solar 


material should have a <> nner conductivity to minimize the loss of 
heat flowing from the hot to the cold junction. Moreover, the electrical — 
conductivity should | be as high as possible i in order » not to. dissipate 


an excessive amount of electrical energy as heat w ‘thin ‘the ‘engine.’ 


The ratio of the two quantities, thermal conductivity to electrical oil 
ductivity, is known as the Wiedemann-Franz ratio; and it has just been | 
shown that this ‘Tatio should be as low as possible. A correlation of data 


from the literature and a ‘consideration of theoretical limitations indicate 

» a sort t of conspiracy on the part of Nature to prevent ‘the finding «e 

any material with a Wiedemann-Franz ratio less than a certain se 


/mum . value indicated by the straight line on the diagram (a lantern slide 


“was shown). A study of the ‘Properties « of zinc- -antimony alloys —— 


‘that the 1 thermo-electric power is a maximum for an alloy containing 
36 per cent zinc but that, due to the extremely abnormal value of the — 
W iedemann- Foon: ratio in this. alloy, there is an advantage i in use of a 


alloy containing 43 percent zinc, since the thermo-electric power of such 


an alloy is almost as good as the best, and the Wiedemann nz ratio. 


is very much more favorable. ene 


An ‘engine”’ consisting of van alloy of zinc and antimony containing 

43 Per « cent zinc against the a alloy copel has been | found to produce a 

5 per cent useful conversion of heat to electrical power in the external | 
circuit, when the temperature difference of the hot and cold” junctions © 

of the ‘system is maintained at 400° To the layman this ‘may not 

sound \ very ‘imposing, but it is to be remembered that 25 percent eficiency at “4 


is attained only in the best of modern steam power plants and that 5 


nt would not be considered bad for a small | engine. Moreover, *< 


er ce 

Is be remembered ‘that a great alloy s and | exist, 
the 


that ‘study o of ‘the problem ‘may produce a material 


increase in ‘efficiency in this: kind of an engine. With such an idea in . 7 
mind, there has been initiated at t M. I. T. a program of : 
thermoelectric properties of v 
in too early a stage to aid 


a) far in this discussion o at e 


‘sidered as a means of « conversion of solar energy 1 to sores power. The | 


ata 
term, to an engineer, means a device which receives s energy as heat at a 
certain converte part of that energy to an nd 
‘throws away the rest to a so-called heat sink at a second estes? r tem mper 


ture. That this discussion was concerned in the first instar 


of of the 


“What roperty must a metal or alloy have besides high t ermo-electric 
tal | “What property 
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m in the engine | and in the 
thermocouple for ¢ conversion to power is immaterial; in ae “case ie 


first step has been the conversion energy to heat. Now, there is 


available to the scientist and engineer a powerful tool, known as the sec- m: 

ond law of thermody namics, that permits him to appraise the possibilities g 

of the heat engine; and it tells him, for example, that the enormous reser g 

voir of heat \ which the earth’s atmosphere constitutes is not av jailable for tr: 


use ina heat engine. This | same second law of thermodynamics states | th 


that, in the act of colle = ing sunlight and conv rerting it to heat ata lower 


temperature lev vel, a degradation of solar energy h. has occurre d; the 
energy has been made less available for conversion to power even though 


none of ‘it has been lost; and no process—no matter how clev er the th 
inventor—can restore the energy to form intrinsically useful as th 
when it arrived here as solar ener gy just before its conversion to heat, | 
— In 1 consequence of this importa nt limitation « on what « can be expected q a 
4 so , long as one’s interest is restricted to heat engines, it is appropriate Si 
to consider other means of conversion of solar energy to power which Ba 
do not inv olve asa first step the collection | of the energy as heat, but a 
which instead make use e of the special nature of the e energy as it arrives, | tl 
_ Solar energy reaching the earth consists of a jumbled mass of radiations - ' & 
?. of wave- -lengths varying from ‘the short ultra- violet through the visible | @ o 
spectrum and ov out into the infra-red, ‘roughly one- -third of the total energy | @ f 
lying ‘in the visible ‘Spectrum. The radiation might be likened, if the: 
= 
a analogy i is not pushed too far, 5 to a shower of bullets—unit quantities s 
energy, known as quanta, each of a particular wave-| length. The 
quanta of shortest wave- lengths have the greatest unit energy content; ¢ 
and almost two-thirds of the total energy consists , of relatively i impotent 
quanta in the infra- -red. If, instead of pouring: all these quanta into o the 


funnel of a heat engine, e, they are given a chance to show their indiv idu- | 
_ ality, what are their specialties? One, of particular interest to us at | 
present, the phenomenon of of photo-¢ -electricity, the abilit ty of light 
quanta of certain w ave- lengths tc to knock electrons out of atoms or atomic | 


lattices in crystals and produce an electric current. oe . 
Many of you have encountered this phenomenon in using that type 
of camera “exposure meter which indicates on a dial the inte ensity of. 


. nation. Light is there being converted into electrical a rgy which § 


| Mocking layer photo cell. The copper oxide. cell is ty sia it consists. 
ofa massive > plate of copper which has been oxidized on one face and 


ine etched, to pr produ ice thereby a layer grading from cuprous oxide 


ough | all proportions f oxygen comm 4 to pure copper. The 
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to be cransparent to 

in which the « outer —— are metal and the taste: layers 
sec 
ities 


trating to some point in the structure w where the composition lies betwe een 


that of cuprous oxide and copper (the so-called blocking lay er); and 
there the quantum—the bullet of energy—succee eds in knocking | out an 


electron from the crystal lattice. The electron, being: liberated i in terri- 
tory where the view depends on which | way it looks, finds, i in general, 


that the going is easier when it. migrates towards the copper rather > 
than through the cuprous oxide to the other metal film. This ¢ Preferential | 
movement of the electrons 1 in one direction constitutes an electric current. 


important i is this phenomenon { for power from sun- 


quanta | falling on s\ such a a cell only nl > per cent succeed in causing 4 


an ‘electron to show up in the external electric circuit, that, furthermore, | 


the voltage efficiency of the system is only about 10 per cent, with a 
nsequent Ov erall efficiency of conversion of luminous energy to power — 


of one- -half of 1p per cent. Preliminary calculations indicate that aten- 
4 b fold j increase in 1 this efficiency wo ould make copper oxide cells interest-— 
ing g for solar power production; and there i is no present reason to believe 


F such an a ccomplishment impossible. It is not easy, howev er, for the 
ania esn’t really ‘know just what goes on in ‘the blocking 12 lay er 


of the photocell. Clearly the ‘problem is one which demands a funda- 
; mental study completely divorced from any present considerations of 
ba practical nature. Such a | Project has been initiated in our Electrical 


Engineering ‘Departm 


ent in | connection with a a broad p program of study — a | 
of insulators an s oxide of our photocell 
is such—from the v viewpoint he problem is Teally one 

of studying t the laws of motion of electrons in semi- -conductors; the effect 0 

of crystal versus amorphous structure; of crystal structures in which 


there is § strong ionic binding, such as sodium chloride, versus crystal 
structures in which the bonding is atomic, as in sulphur; th 
temperature on “conduction and breakdown i in ‘insulators; the effect of | 


an excess of one of 1 the components of a crys ystalline compound present _ 
in n the crystal. WwW hen tl ‘the n nature of the “migration of ‘electrons in semi- 


hope of success the difficu ult barrie 


ucture is able to be Pa Sp uantit 
ult 


Whether such an attack succeeds | orn 


th 
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— 
course of the problem is certain to be of enormous” a field of 


great practical importance, insulation research. a 


ey come now to the last of the M. I. T. solar. energy ; projects, ‘one which 
thee the previous one depends on the special properties of sunlight rather 
than its overall energy content. Dr. himann pointed ou out to you in 


his contribution ¢ our, complete ‘dependence on the process known as 

— ‘Photosy nthesis: the use by | green plants of solar energy in th the visible 
‘spectrum to produce carbohydrates ot out of carbon dioxide and Water, 


He also. emphasized the extreme complexity « of the ‘process—the fact 
that no- one has has been able to ‘extract the es essential chlorophyll and 


carotenoids from a plant | leaf and make the reaction g0 i in a test tube. 
By some Process, which w we have hardly | begun to understand , the leaf 


‘structure succeeds in capturing g the energy of sunlight and transferring 
‘it to the reaction: Carbon dioxide - +) Water = Carbohydrate + Oxygen, 
a reaction absorbing 1 112 kilocalories_ ‘per gram atom of | carbon. But to 


ar energy cl chemically one does not have » to carry out the same 
reaction that Ni Nature does ; any chemical reaction which absorbs energy 
produces a a fuel-like capable of later combustion to return 


nerg gy fo or use at the proper time would be acceptable. Chemical 
im y has often succeeded in competing with ‘Nature i in the produc. 
tion ang material of desired characteristics, , not by | attempting a a com 


plete in imitation 1 of Nature, but by focusing « attention on those propertie 


4 the natural material important to its use and. imitating them with a 


product, perhaps” chemically quite different from Nature's. 


In the photochemical field, then, ae combination of sensitizers and 


catalysts. might be attempted that would allow us to perform some 
relatively simple energy-storing reaction such as the decomposition of of 


_ Water. A major problem would be to prov rovide suitable intermediate steps. ' 
in the process in order that | the relativ ely small energy quanta, which © 

‘a - visible light, ¢ could be used i in step-wise f fashion such as 3 Nature 
apparently uses them i in the photosynthetic apparatus of green | plants. 


ai 


The photochemical “system would probably have one of the character- 


3 istics of the photochemical system of the plant, namely heterogeneity. — 

-_ But the heterogeneity might be accomplished not by constructing some 
iz sort of imitation n leaf, but rather for exam ample by a colloidal s lution. ad 
_ Another approach to the problem is possible. We may | renounce the 

- production of metastable products or mixtures with | a high content of 

chemical | energy— —fuels or explosives—and turn our attention to the 
utilization of the energy of the unstable intermediate pr products obtained FF 
in almost every photochemical reaction. Among the ways” of 


rica 
these products their high ener energy content into” 
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Antfcial Converters of Solar E ‘nergy. 
energy: A reaction must be found in n which passage from the the unsta ible 
‘to the stable state can be made to proceed as an electrode reaction in a 


galv anic - cell. . Examples = this | kind 2 are. oxidation- ‘reduction reactions 
in electrolytes. " The prope a reactic arried out in. what 
alv 


erti 
is s known as a “photoga van ll,” ar ; idied at t t the Institute te. 


The system C chosen consists 0 n organic dye, thionin ne, and dee iron 


in the form, for or example, a ferrous sulphate solution. The two com- 


ponents form in the solution a reversible oxidation-reduction system. - 
(dyestuff) + Fe leukodyestuff + 
(colorless) 


Fertic iron strot nger oxidizing agent: than thionine; therefore, 
in the dark, all the thionine i is in the e form « of the dye, and all the i iron in FS 


the ferrous form. If, however, , the 1 mixture is illuminated by the light | 


absorbed by thionine—i. e. visible light i in the re region 5000-7000 A (green, 
yellow, red light), the thionine molecules are activated | by light and 
become e capable of oxidizing ferrous iron. Since the reduced thionine is_ 
colorless, the reaction recognized by a decoloration of ‘the solutio on. 


This bleaching proceeds to a steady state, whose exact character depends : 


on the intensity of illumination. In this state, the velocity. of the photo- 


chemical bleaching ‘reaction is exactly ‘compensated by that of the back- 


reaction ‘restoring the equilibrium. As soon as the light i is switched off, a 
the system reverts to its original state, as shown by the following experi- 


ment. (A_ demonstration of reversible bleaching. ) The system demon- 


erated represents the most sensitive oxidation- reduction 


have been conducted on on the: kinetics this 


photochemical pr process, using a photometric -method for the. determina 
tion of the concentration of the dye under different conditions. 


more interest in the present connection is the elec trochemical effect of 
light in the thionine-i -iron | system. As the composit 
changes | to illumination, its electrode potenti 
two o platinum electrodes are placed ‘in the solutior 


surrounding one of them i is illuminated w vhile the o 
potential | difference i is established between two. 
flows from | the dark to the illuminated electrode. ' 


duc 
uced by y a given enienion: 
er 
can be ¢ drawn from such a Dnamone cell. 
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1s kept dark, a 
the les and acurrent | 
tof e problem of the 
the #OLOSalvanic demonstrated Dy this experiment has two elements: 5 
ned electromotive force pro- 
ang s that of the current that q 
ical 


30 far, cerned with the part the 
lem. IV potential of ti thionine-iron system 
- been measured in relation to the concentrations of of all the the components. 
the light intensity. "pronounced ‘maximum n of p otential is found 
at a cet rtain concentration of the | dy vestuff, anda strong increase in effect 
creasing acidity of the solution. From such experiments, jt has 
develop a quantitative: picture of the photogalvanic 
in § satisfactory agreement with ‘the experimental results. The next. 


2 study ‘of the factors affecting current withdrawal from such 
* device, a phase of the Program which has just commenced. 


° As to whether photogalvanic cells of this or similar types have prac- 


Beal ergy converters it i ly to ha 
importance as Solar energy converters it iS too e: ear y to azard 


opinion . Certainly their study has the merit of presenting problems i a 


photochemistry 1 which, , while complex, are not so c complex as to deiy. 
onditio 


ae tical treatment. In that respect they satisfy ‘the c on which the 
scientist has learned to impose on himself, namely, not to to ask | questions 


.’ Nature which a are sO — eae he cannot yet t begin to ) understand 


In summary, I have tried to | out ‘the best- know n method of 
utilizing solar energy by artificial, means is the _relativ ely simple one 
of first c conv erting the e e energy to heat; that, today, engineering data « att 


= inadequate properly to to determine the value of such heat, whether for 


conv entional use as heat o or for conversion to power; that, if heat is con- 
= to power, we are limited in possible efficiency by the second law 


of amics ; that consequently it is n tot 
“of photochemistry and photo- to-electricity w whe mita 
amend output are less severe; ‘that in turning to 0 these fields i it is | 
that the problems \ which arise are e of so complicated a nature as to point | 
plai nly to the need for a long- -range program of research | into funda- 
‘mental: phenomena, research divorced almost completely for or the tim 
being from any considerations of a practical nature. To summarize sis 
summary, with respect to the future of ‘solar energy y utilization, your 
_ guess is as good as mine 
* 


The Sun ‘the Welfare of tution Scientife 
_ ACKERMANN, A. S. E. Utilization of Solar Energy. Jour. Roy. Soc. Arts, 63, 1914- 1915 7 
Brooxs, F. A. Solar Energy and its Use for Heating Water in Califo ; 
Agri. ‘Exp. Station, Bull. 602, November, 1936. 
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The Fe orty- -First 
The Forty- First Convention of the So- 
ciety ¢ ot the Sigma Xi was: held the 
Bellevue-Stratford Hotel, Philadelphia, Pa, 


BDecember 30, 1940. 


fat 4.00 Rational President, 


pDr. Edward Ellery of Union College. e 


“A. C. Hildreth, 
Florence King, Vermont (absent) ee 
Raymond Chair- 


Lehigh (Shook) 


(Horr, 


Maryland (Bamford, , Ditman) 
7 Missouri (Albrecht, Uber) 
Nebraska (Werner) 
North Carolina (Costello) 
North Dakota (W eber) 
Oklahoma _(Dodge) 
Oregon (Cressman) 


Massachusetts State (French, 
Michigan State 
New York (Willey) 
Ohio State (Knauss) _ 
Oregon State (Robinson) 


Report OF THE on CRE- 


™ The Committee 1 received 
the delegates, reported that 
‘chapters (with 78 delegates) and 14 clubs 


(with 16 delegates) represented as 


“Chapters, Clubs at and 1 Delegates: 
Arizona 
Brown (Mitchell) 
Buffalo” (Scofield) 
California Institute of 
(Anderson) 
Carnegie Institute of 
(Hicks, Pugh, Smith) — 
Case (McCuskey 
Chicago (Olmsted) 
Cucansti (Arenson) 
College of Medicine, of 


Columbia (Pegram) 
Cornell (Murdock, W iegand, Gran-_ 
4 


Duke (Cunningham) 

Florida (Wolfe) 

Georgia ashington 

(Stevens) 
q Indiana (Edmondson) 


lowa ( (Bodine) 


aa Tulane (Faust) 


Pennsylvania State (Sackett) 
Rensselaer (Patterson, Palsgrove) 
Rutgers (Starke, 
Smith (Heminway) 
Southern California (Thienes) 
(Cox) 
Syracuse ( lick) 
Texas (O’By re) 


Washington University (Greenman) 


Wellesley (Jones, Howard, Wilson) 
(Stearns, Sitterly) 


oa 


West Virginia (Ferry, Taylor) 


Wi isconsin (Duggar) 
Worcester (Stauffer) 
Wyoming. (Rahn, Hildreth) 


Colorado State (Bodine) 
Denver (Zingg) > 
_ Emory (Rhodes, , Redmond) 
Georgie (Byrd) 
Louisiana (Ryker, Chilton) “eh 
Maine (Steinbauer) - 
North Carolina Stat te C oll ege e 


Ray) 


“Agricultural College 


A. and M. 


Louis (Weber) 
‘Technological (League) 

Tufts (Carmichael) 
ermont ‘(Danibue) 
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4. Minutes OF THE ‘Convan- Dr. I. L. Rabi—“Radio Spectr 


the Magnetic Properties of 4; 0 
a a. he account of the proceedings of the ; chapters: oo: os 

Fortieth Convention of the Society, held i ersity of ‘Rochester: Univ versity 
Cleveland, Ohio, December 28, 1939, as A Wi isconsin; Northwestern  Uniy ersity: 


published in the Quarrery, Spring 1940, Univ. of Southern California; Califor, 
Inst. of of Technology; Swarthmore 


owas: approved as printed. 


FOR Harlow Shapley—“ In Defense of the 
Universe.” Presented to the followiy 


_ chapters: 

Wa ashington University; University 

Nebraska; Iowa State College; Unive. 


grant a petition fee establishment a ty of Kansas; Kansas State Col 


of Sigma Xi at — — versity of Colorado; Utah State Ag: 
College: University of Nevac: 
University of Oregon; Stanford Unive. 
Oberlin College sity; University of Arizona; Tulane Uni. 
versity; Louisiana State Univ ersity; Yak 
BERSHIP STRt 78 
Mr. C. E. presented Zz Electrons.” Presented to the 
‘the report of the Committee, and the Con- lowing chapters: 


—a. Bryn Mawr College 


“— Voted: That the Committee on Mem- -bama; University of Texas; University 
bership Structure be continued | for fu further of New Mexico; University of Wisconsi: 


of Technology. 


= 


OF THE ‘CoMMITTEE ON Lec- State College; Carnegie Institute én 


In ‘the absence of Professor Creighton, . RE THE ATING Conn. 
‘Chairman of the Committee, the report of 


the Committee on was 


sented by the Secretary. final 1 
Dr, J F “Py F. M. Carpenter, ‘Bervecd: Ernest Car. 
Faust, Tulane; P. H. Mitchell, Brown, 


University of Missouri; Beloit College; - The following (officers ted: 
University of Michigan; State College of ., 
 Pennsy Ivania; Swarthmore College; Uni- replace oni 
‘versity of WwW ashington; University of Davies of New York (Re 


 selaer, 1914). — 


Dr. Perrin H. Adv in. For Member the Alumni Committe 
_ Bacterial Chemotherapy with Special — ~ to fill the unexpired term of C. E. Davies 
Reference to the Mode of Action of James R. Angell of New York (Chicax 

Sulfanilamide and its Deriv atives.” 1903). 
Presented to the following chapters; For Member of the Alumni Committ: 


= State College; Louisiana ‘° teplace Frederick B. Utley, whose te 
State University; Texas Technological Elizabeth Adams of Mo 


College; Washington State College; Uni- College 
versity of Utah; Brigham Young Uni- t was unanimously 


versity; College of Medicine, U. of IIl.; 
University of Illinois; Purdue Univer- Voted: To 
sity; Ohio State University; University 7 Nominating Committee as presented, 20 
3 Cincinnati; Brown University; West ‘to declare the nominees elected to the: 


Virginia University. Tespective positions as | 


For Member | the Executiv 


The on was af 
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Meeting of Executive Committee 


RecoMMENDATIONS FROM THE Execv- EPORT OF THE SECRETARY: 
( Appears on page 69, this i issue. 
MMITTEE: 
At the “April: 1940 meeting the Report OF THE TREASURER: 
Executive Committee, it w: voted to (Appears on page 72, this i issue. 
Versit 
present the following resolution to the 1940 “Is connection with the Treasurer’ Re- 
an port, the following recommendation from 
.csessment on each Sigma Xi Club, pay- adopted: 


able on January 1 of the year of the assess- 7 -Resole ed: That the annual assessment 


ment to the Treasurer of the Society of the on each chapter for 1941 shall be pay able 
.* Xi for the uses of the Society. on on January 1, 1941, and that the amount — 
2) That the annual assessment on each of the assessment on each chapter shall be — 
Sigma Xi Club for 1941 shall be due and a 75 cents, multiplied by the number of mem- 
payable on January 1, 1941, and that the bers and associates of the chapter on | Jan-— 
amount of the assessment on oe 
shall be 50 cents multiplied by t the number Resolved further: That in sending notice 
ane Uni of members of the Club on of the 1941 assessment to chapter treas- 
ty; Yor 1941. the Treasurer of the Society be in- 
oi s structed to advise each chapter that the 
Iti is » that, as in case of 


assessment is to be computed solely on the 
rmatio Chapters, the assessment will enable the basis of the number of members and as- 


Society to send the neil to each sociates on the membership roll of the 


ka 
Club member.” chapter, without regard to whether 
a, _ members have or have not paid current 
The Convention and to explain that this 


isconsis & /oted: Unanimously, to adopt t he method of fixing the amount of the assess 


-ment on each chapter has been adop 
sity ¢ above resolution of the Executive Commit-_ be pted by 


Aichivas ce i ~~ the Convention of the Society as the most | 


Vv 45 
RT OF THE 13. The Con ention adjourned at 5.45 


3 WaS a 


Meeting 


Xi 
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Sone Decemper 30, 1940, 
mmitte I A stated | meeting of the Executive Com- ton, Chairman of the Committee on Lec- 
Davies mittee was held at the Bellevue-Stratford tureships. 
Chicaze, Hotel in Philadelphia, December 


E1240. ‘The meeting was called to order by 1. Rerorrs oF Orricers: 


se term ae President Ellery at 9.00 a.m. Present were: - he annual mere “ef the President, 


Mout President Ellery, Secretary Baitsell, Treas- 
urer t Pegram, Messrs. Lund, ‘Shapley, 
 derson, Jordan, Durand, Utley; and, by in- for preliminary 
a ‘Vitation, Mr. Davies of the Alumni Sa connection with the report of the Treas- — 
mittee, Chairman of the Committee on “urer, the President raised the question 
Membership Structure; Mr. Sweet of ‘the whether or not the Committee 
Al Jumni Committee; and Professor Creigh- favor the use of income from al 
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vested funds of the Society for support of the attention ail the Committee ; 


“various ‘times in recent years. In this cx. 
7 It was” > nection” ‘Creseman of the Un: 


oted: ask the Secretary, versity of Oregon, who was Present jz 
and ' Treasurer to study the proposal and Philadelphia, appeared before the Comes 
‘Feport at the meeting. tee and made a statement of the 


was also he saw it. It was ASS 
- Voted: To present to the Convention, | Voted: That farther action be Postpone: 
with recommendation for favorable con- until the April meeting. 
assessment of chapters. Staxanos oF REQUEST. 


F ORMAL Permions FOR THE ISH- 


Voted: That as a matter of general pro 
cedure in connection with institutions 
Voted: To present to the 1940 Conven- standards, the Executive Committee ) 
tion, with recommendation for favorable furnished, when available, with the repor: 
action, printed petitions from facul - of the Engineers Council for Profession: 
groups for the establishment of chapters. Development and the Association of Amer. 
at Oberlin College and me n Mawr College. can Universities on all institutions brought 


MEN é 


The Secretary presented additional data on Publicity: 

from the following institutions, whose re- It 

quests for the establishment of a chapter Voted: That ; ‘ain appropriation of $20 

have been under | prev ious consideration ie be made to Science Service for the ye 


the Committee: — University of Vermont, 1941 , with the understanding that Dr. 


Utah State “Agricultural College, Hlinois Shapley would report to the December 
f T hnol Texas Te of the Committee as to the ad- 
nstitute of lechnology, echnologi- visability of continuing the appropri 
“cal College, Louisiana State U niv rersity. thereafter. 


Ta. 
Each of these requests was discussed 
“detail, a nd it was Committee on Structure: 
until the April meeting of the ‘Committee. activities of the It 


report of the Commit. 


ABOUT Cuarrass: on Membership Structure be accepted 
; _ and the two recommendations be presented 
fole to the Convention with Fecommendatio: 
ormation rom faculty groups at the fol-— for favorable action. 
j lowing institutions, who are now asking 


for the establishment of chapters: Mar- Committee on Lectureships: 


quette U Jniversity, | Tufts College, Poly- _ Dr. Creighton presented the report o! 


of Brooklyn, and Emory the National Lectureships for 1941, and the 


University. In each case itwas probable lecturers for 1942 (see page |, 


this issue). In view of the overcrowded 
Voted: To. ask the faculty group to pre- ). 


the official information questionnaire schedules, 


* 4 Voted: To invite the lecturers for the 
a series on a possible three-week wea 

Committee on Grants-in-Aid Ree 


- 


ome 


The conditions relative to Sigma Xi at 


the Unive ersity of Oregon have been called alumni i in 1940 were consi 


jon, 
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officers for study before the April " 
3 larization of the ph 


President’ he Report 


with a a possible ccuarization in 1941. Voted: That the policy be 


for the time being. 
circularizati 


question of publi ication 


GNIA AND 


‘The attention of the “mental basis, with the idea that the lec- 
led to the fact that not all the chapters _ tures could be published i in the Qu 
supplying official Gplomas to the initi- in a form t that they y could later be 


tes was reprinted for use in Proc RESS 


Voted: To present the followi — ak at much less cost than at present. 
jon to the Convention: The Committee considered 1 the 


Resolved: That the Convention request x - bility of changing the title of the Qu: ARTER- 


he Secretary to notify the chapters that a Ly, with the idea that a broader title © 


ution Convention has voted that each new might r result in a wider appeal. No formal 
nember or associate should, upon initia- 
tee bk a ‘on, be given an official certificate of mem- _ action was taken, but the general opinion — 
ership 0 or associateship b by his of the Committee was that Possibl 


essiona| 

ion. Foted: That the of as Loser Contact or Initiates 


at hould be reduced to 10 cents each, w ith- ow THE NATIONAL ORGANIZATION: 


t engrossing, and | 25 cents each, with “de 
Prerossing. The Committee was asked to consider 


‘The Sect lled tt question of furnishing copy. of ‘the 
1¢ attention of the 
c Secretary called the attention QUARTERLY and the Constitution to oa 


: ct that the ss a 
fact i di oci initiate, to be handed him by the chapter 
em now being supplie is not in the at the time of his initia atio on . It was 7 


- 


rm of a key as specified i in the Constitu- on 
tion, Article VII, Sec. 1 (b); and further, — Voted: That the es secretaries be 


supplied with sufficient copies of the Con- 
that several Tequests have been receives ed for 4 


priation median | size member emblem. It w 


Voted: To grant the Secretary power, if 4t the time of his initiation. ee, 
it seems advisable to him, to add the cor- Mrenxc: 


fect associate emblem and the medium size 
member emblem to those now available. was 
9. Sicua Xi Quarrerty: Voted: That the Spring meeting of the 


Executive Committee be called for Wed- 
, April 30, at 1.00 pm. the 


The present status of the 


and the on Repor fo 


page | 
e Society sible, and the growth in the 
srowded he Sic 
zz it e Sigma | Xi for 1940 by your presi- number elected to membership on the basis 
son Bent, a little look backward will clear the of actual i inv estigation. — 
fonger look forward which you and your ment was the creation a of 
k basis. 
en : apters are asked to take. The first of | members, called “associates,” by which 
of Re- society’s movements in the promotion Prospective research ability among under- 
research Was: naturally the spread of graduates who had ‘not had opportunity 
1 of the hapters among institutions where research for scientific investigation was recognized. 


as in actual progress or apparently pos- In the third movement the society entered 
, 
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tuation 
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ne field of of scientific perio icals and re to — ee others have 
e Sicma X1 Quarter which | has had city financial support. Probably + r not all th 
continuous publication since 1912. WwW ith ‘ill become chapters, but supe 
; fourth movement began the society’s Bord do. Sigma Xi will then be ‘in WY 
support of research, at first i in educational institutions country 
the form of fellow ships to one or two ie Lock over the list of the remaining 600 & 
_ dividuals, then in the presentation of re- so. From present prospects Sigma Xj y) 
search prizes, and now in the award into very few. Sigma Xi is approaciy 
grants-in-aid in small sums toa number of a limit in the grow th of chapters as far a 
applicants. Closely connected with that, educational institutions are concerned. 
the fif fifth movement of the society in the Has the time come for the Society 
promot promotion ‘research was the ‘establish- consider the establishment of chapters 
ment of permanent funds, the income from - other than educational institutions, for: 
which is segregated and added from time stance, industrial | research. laboratoris 
to time to the sum available for grants- in- Such an expansion would fall within th the 
aid. The sixth movement introduced the | in our constitution which 
Maintenance of the national Sigma Xi the organization of “chapter 
‘tures, ‘the “fifth: series of which begins in research institu utions as well as s colleges ar 
. 
‘the coming month. And the seventh a universities, provided they have the sam 
latest movement of our great Society in unrestricted rights of publication as ed 
_ the promotion of research is the publica- cational al institutions. — There are are alread 
in book form, of these national le ‘chapters in Mayo Institute and ti Un 
tures under the appropriate title “Scuexce versity of Illinois College of Medic 
“a To quote from the secretary ’s report for tional” institutions. But there a are mat 
1939, “The Society of the Sigma Xi is industrial and other research laboratori 
“living organism. is which important "scientific public 
where there is life.” i tions: frequently issue, manned by 
Turning from that bre soble _Xi_ members and where there are Jax 
g 
_-Fetrospect, what of today? The society is groups: of young workers exhit iting ani 
‘moving. How! What The developing marked ability as investigat on 
te and who on that basis are eligible to mex 
bership in our Society—such places as the 
First. Growth in Institute for Cancer Research, Rockele!e 
The iene of such growth is duende i in Medical Institute, the General Electric Re 
sight. Ther e are now 80 chapters. This search: Laboratory, the e Mellon I itu 
convention may grant ‘two more ilies the Bell Telephone Company, the Armoz 
The chapter institutions are obv iously ‘Company, National Aniline, Atlantic Re 
¢ splendidly equipped for science, have large fining, | DuPont, Eastman, and a score @ 
“financial resources, produce om impressive others. The “money expended annually 


= 


- chapters. They are our most promising field in them (said to total more than 50,00 
chapter growth. There is student are impressive. Science in industries as 
body approximating 87, 000 in number, universities does not wait for somethis 
i, with about 6, 000 in the combined facul- to turn up. Science in ‘both is constant 


institutions, some of 200,000,000) and the of 


—- 
8 


ties, not all of them in science of course. turning something up. Workers in incu 


Twenty: of the: ch abs report a a total -mem- trial research laboratories belong to usb 
‘a bership of 72 7, with 526 papers published -_ virtue of their careers, quite as much asd 
~ in 1939 and 1940. The endow on of six science faculties and students of our 0 
institutions range from tw n versities. 's. Here to all “appearances 
re 
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President? 
| 
mmising and ‘fruitful field for — = Society is to encourage original in- 
cur chapter grow vestigation. ” Sigma Xi is the one o organ- 
ization in our “educational system that 
wake Growth in number of constituents: limits eligibility to membership to ability 
Xi is approaching t the peak of to discover. Not even our older, highly 
increase of members and associates revered, sister honorary society, Phi Beta 
nually elected. In the next decade it Kappa, original investigation a pre-— 
Ry ct be confronted by a decrease. requisite to membership. Tn that organiza- 
the last five years there has” a tion: scholarship as ‘measured by academic 


oe 
finite falling off in the number of boys grades i is the basis of eligibility, not actual 


as far a 


ned, 
Oclety ty ‘girls in our secondary work of investigation. Aren’ t inv estigators 
as 2B Beans eventually a a emailer number eligible in those | fields worthy of recognition simply a 
8, for is 


; fo admission to college, and a consequent because they are i investigators, not merely 
oratories’ 


f aller number of candidates for election © _ students of high rank in the registrar’s of- - 

ce? now this suggestion ‘startles you. 
apters 
lleges ani 


Another movement ning the grow wth T also know that the Society of Sigma Xi 
our constituency is i in the ‘Society, itself stands clearly for original investi gation, 


the large group of our chapters, ab 


out 


the sam of them, which do not elect under- ‘Third. The rly: 


first i issue | was in and for 


1 as 
already 
the Un 
Medici 


are mati 


aduates at all, or a negligible number. | 
he findings of our Committee on Mem- 
rship Structure, which will be reported to reports of activities 
you later at this convention, will startle _ occasional articles on Sigma Xi: administra- 
was they have those of us who. have had tive e problems and policies, less frequently 
preview of the . situation. In other words, on ‘topics concerned with results of re- 

e society itself is curtailing its growth search. In 1913 the ren list num- 


Of course Sigma Xi is not 26,000 iduals libraries, 21 1,000 
® any given annual number of additions — being on the regular mailing list. It con- 
@ members and ai associates, but itis i. aoe in addition to important official an- J 
to face the reality ‘in view of the nouncements to members and to the world 
fact that the initial mavens of the so- of science in general, three timely articles 
in ‘the Promotion of resear h was by scientists of note. Such has been the 
the constant rejuvenation | of our ranks of growth of the periodical, and such the 
lectric Re Bvestigators, a movement that has con- change in contents. W ithin the last year 
Tnstitue 3 ued without interruption through 54 two abstracts of some of the articles 
lantie Re ars of i ‘its: life. Then ask what of tomor- have been reproduced i in Science Digest. : 
is Are there other fields within our Te go back to what we used to do = 
a score d Bresent system of higher education which — our periodical is unthinkable. And to : stop 
nally th: originality, , ingenuity, inventiveness of | with what we are now doing would be 
: wore 5 workers i invite Sigma Xi to enter? Our _ betrayal of the spirit of growth in im 
Wrstitution states ‘ ‘the object of this So. portance and influence which is the im- 
Gety shall be’ " (that ought to be changed pressive characteristic of the Society of the 
once to “is “to encourage original Sigma Xi. Hence the appointment of a 
Mstigation in science, pure and applied. Committee on the QuaRTERLY, and its 
® science the only field in the curricula of port in “the: Spring 1940 issue. The ‘time 
institutions in which original investi- has come to enlarge the Quarrerty 
tion is carried on? Are not our colleagues — number of pages of each i issue, to include ‘ee 
history, literature, economics, govern- em- in 1 its contents ‘survey 3 articles for the: gen- 
Best also doing research? W Thy not — 7 — scientific public as well as papers” ; 


constitution to read, “the object 
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fields and to o change the name to one of chapter. institutions. Last ye: “year INitiatiog of 01 
more definite significance. fees to the national organization totaled IRE for | 
or 


over $2,000, and most of the initiates | le: presi 
Fourth. The Sigma Xi financial the institution after their initiation, Why mula 


bed they not continue to pay into the equa 
only 


0 


bv such support is « Society $1 00 a year? Think what, that | Hor 

ricted res resources. Our present t grants- would mean in Sigma Xi’s p promotion resez 

in- -aid movement began i in 1921, and with — ‘ research, even in the first year of it—ani Sixt 

exception of one year has been con- what an immense impetus to esearc 

_ tinuous since its inception. The total sum would made possible as the year 

distributed in that period is in excess o a passed. 

$40,000, or an average of $2,000 a year. § The Society now limits its siti ‘a beer 

can do better. The source of of our grants- —_grants-in- -aid to” those ‘who apply. There 


in- -aid funds, 1 namely members” and -asso- are additional and effective ways of using 
connected with chapters, has our funds to further research, especially 
yielded thus far only a small fraction of if “available { funds increase. The “society car 
what potentially av ailable. About 15, 000 support particular research Pprojects—hy. 
Sigma Xi members and associates, now “man diseases, mutation of elements, atom: 
connected with chapters, are assessed by energy, _nutrition—there are ‘Many such 
a the the national convention at the rate « of 75 successful research | which would eld 
cents per individual. In 1939 this resulted human physical comfort and convenience: 
in a total of approxiznately $8,500—used further free the human spirit. The 
expenses of administration. ‘There are Society could allot institutions whe: 
25,000 members and associates, not con- we have chapters various sums from tim 
nected with chapters, who have no financial _ to time to be used at the discretion 0 
obligation to the society in which they heads of science departments. Chapt pters 
membership. “Last year” some could be given grants for use as resear® 


me 

2,000 of this large number contributed prizes, 
a. voluntarily to our grants-in-aid fund some- — With increased funds the Society would 
4 thing like $3,000. If the remaining 23,000 


able to participate actively in the 
had had the same obligation which active lief of our European colleagues now 9 


‘ members and associates carry, the  wociety harassed and circumscribed. The in- 
would have been able to distribute over ae need for rescue and evacuatio 
$17,000 in support of research. — Or if each of | both brilliant and promising scientist 
‘one of the total 25,000 was under obliga- is tragic “enough, but there will still b 
n to pay to the national treasurer only need for apparatus and books, perhaps 
25 cents, Sigma Xi would have over $6 000° even” for bread, in the adjustment yas 

for use in promoting research. “And = oe will follow the present dark age—i 


“not? Why should financial obligation to magnificent and inviting opportunity ior 
the Society be limited to those who are | our Society — to spread its work of prc 


tive in chapters? W hy should not ev wey moting research, 


Society be under the same obligation? Fifth. Sigma Xi Permanent 


Bs annual convention levies ies an assess- Pood Today the only permanent fund a the 
ment on active members and associates. 2 Society is the so-called Semi-Centenni: Ty 
The constitution fixes an initiation fee of Fund of $15,050. At the close of 1939 the _~ 


«$1.0 .00 for e ach newly elected "member or treasurer reported cash and securities cat 
associate. Why should not the constitu- ried at to. the amc amount of $28,161 
tion fix as part of f their obligation to the ‘ From this sum the permanent fund cov! 
2 Society annual dues for all those members .* ‘increased to $25, 000 or $30, 000 
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‘President Report. = 


nitiatig of our — Society should be approached Seventh i. The Sigma 2 Publication 


: s of this character. Your Scr P 
totale; for further gifts of this character. Your ScreNcE ROGRESS: is 


ates le president holds, however, that the accu- "This is the collection in book form of ae 
n. Why fam mulation of a permanent fund is not of - "Sigma Xi national lectures. There are now 


INtO the equal importance with the increase of sums two volumes in the series. The first w as 


at thar for current distribution in the Support of published May « of 1939, 


otion research. 1,500 copies have been sold. The 
it—ang Sixth. Sigma Xi National Lectures: second appeared | last month and already a 
researc: The fifth of this series will open next Sumber of orders for it have been filed 

January and April. have with the national secretary, and doubtless 

been more than 70 requests for this 1941 also with the publishers. Bi Both ‘volumes 

series, a8 compared with 50 for 1940, 9 were recognized by the Scientific- Book-of- 

1939, 31, for 1938, and 27 for 1937. the- Month Club— as the leading science 

The of lecturers cover of the month in w vhich 
United States, their travelling expenses are appeared. The movement is too young to 


met from the : general funds of the Society, afford: a basis for judgment about possible 


and their honoraria are paid by the chap- expansion. The single question 
ters and clubs engaging them. It is clearly arisen i in connection w ith it is this: should 
evident from the five years’ experience that 


q ‘these lectures have their first published ae 
movement is favorably recognized and pearance in our Stoma for 


venience. 
irit. The 
1s where 
om time ed the Society itself? 


retion 0! ‘- ive, and the period in which each is All of this is worth pondering — i 
available is about two weeks. If the So- 


teal ciety’s income is increased, » we could ap- 

researc : quests that the full report be discussed a 

<et point more lecturers, under the same fi- 


rly hapter meetin H e 
nancial arrangements as at present; 
lectures could be allotted among the chap- isit chapters “during: the spring and 

ters and clubs by the pools Committee fall of the coming yeas, with the sole 
on Lectures; a fixed stipend could be “object « of considering with the Society’s $ ace 
named for the lecturers. Should our tive cy these and other 1 matters 
mittee on be asked to consider that. are of | moment in in the Society of 


re. 
at 


ty would 
1 the re 
now 9 
h e im 

vacuatior 
scientist: 
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Report for 
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accordance the vote o of last cific coast in connec 
annual Convention, the national head- with the installation of the new chapter 
quarters was transferred during the latter at the U ‘Southern California 

“entennial Patt of June to its new location ‘in the and attendance at the A. A.A. S S. meetings 

1939 the Osborn Zoological Laboratory, Yale Uni- at Seattle. Revuming to New Haven a few 

rities ca versity, _ Thanks to efficient by 

$28,161. the retiring Secretary, the transfer 

ind could without interruption to the 

000—per- i of the | Society. No credit for this is claimed 


© or deserved b the i incomin Secretary, as 
od 


j 
iia 
7 
8, atomic 
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versity as a whole and of the Laboratory, 


0 = Sigma X 
have warmly welcomed ‘Sigma Xi to “its” the Univer ersity of Southern Cal 
new quarters, and have rendered ‘every Los Angeles, Calif., on ‘May 24; the ip. 
possible assistance, for which all of us as-— stalling officers were the National Sec. 
‘sociated with the administrative affairs of tary and Dr. C. D. Anderson of Californiy 
our organization are profoundly ‘grateful. “Institute | of Technology, a member of the 
_ After some months’ close association Executive Committee. 
a with the business of the Society, the new - Reports of these installations “have a 
7 Secretary can vouch for the truth of the ready appeared in the Quarrercy, It re. 
- situation at national headquarters as em- mains only to say that both of the new 
 Phasized i in prev ious Feports by Secretary chapters nave been started under the Most 
Ellery, namely, it is a busy place; pos- favorable conditions, and give every 
-sibly never more busy than it has” been dence of contributing greatly to their 
during the fall months just passed ohh supine: institutions and to the Society 
the publication of Science in Progress, the Sigma | Xi. Several institutions am 
_ Series II, the Autumn issue of the Qu. AR- under consideration by the Executive Com. 
ae TERLY, the details of the Grants-in- Aid — mittee at the present time with reference 
Committee, the Committee on Member- to their r qualifications for the establishmen: 
ship Structure, and the a arrangements for of chapters. Also several new Sigma } 
the 1941 series of Sigma Xi Lectureships : have been, or are now in the Process 
to be attended to, in addition to the daily of being, _ organized at Tufts College 
‘routine | an organization with some 80 Queens College, and Baylor ‘University. "| 
chapters, 40 clubs, and 40,000 2. During the past ‘year, as you will se 
members. 


per the reports made to the Committe 
may be necessary in order to handle 


‘ ; on Membership Structure, there were a 
the of the Society efficiently that total of 


485 “elections to the Society 

additional secretarial assistance be pro- with ox chapters not reporting. Of thes, 
> vided. . Handling the records alone, in ac- 


£ 755 were members, and 1,568 associates 
cordance with the routine established by 


with promotions from ‘associate 
‘Secretary Ellery, appears to call for a full- “member. These figures | compare sith thee 
time Clerk of Records. It i is for the na- 


a of previous years as follows  ) 
tional organization, acting through its: 1929 
Executive Committee, to determine just 


Members 1.755 1,651 1,380 1,070 78 
how “much detailed should be con 1568 1,496 1072 827 4 
tinued in this important field in the en-— 


Promotions 149 1127 79 106 27 
-Geavor to maintain contact with the con- 


ding ‘membership the very rapid | 
tunately, he valuable report of the Com- annual growth of Sigma Xi that is 
‘mittee on Policy under the Chairmanship ‘place. The: reports received by the Con | 


ls M rship Structure have > also 
of R.A. Gortner is available as a basis for mittee on Membership S 


tl ns 
possible e changes i in this office. we revealed that full reports of initiatio 


have not been made to the National Head- 
- Reference may now be made to a num- 


quarters by some of the Chapters. Ttis 
eh of specific items of importance to the — hoped that thi b ‘saul 
ere hoped that this situation may be corr 


7 
at once as it necessarily makes the nation 


Two new chapters have installed records — 
the ‘year, with the This year the Executive Committe 


= oted to circularize 10,000 of the Alumni 

or contributions to the Alumni Research 

Blacksburg, Va a., on April 5; the: Fund. The in in con 

_ Officers were the National President and — tributions amounting to $2,7 52.19. By 


Secretary. vote of Executive ‘Committ at 
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29 1924 
)70 739 
327 
106 27 
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Research 
d in con- 
19. By 


e at the 


b making the total sum av ailable for grants- Harlow Shapley of the Harvard College 


E contributors, | were printed i in the . Autumn in Camden, New Jersey. The requests fo 
issue of the Quarterty. 
330.00 was to 14 applicants, as scientists overwhelming, 75 in 


180,00 to 12. applicants. 


Committee that the cost of the circulariza- 

tion, which is paid from the general funds 
of the Society, is much too high, and that, - 
F therefore, some better method for securing tions. It i is a matter of great regret to the > - 
B contributi for 5 research from the Alumni | lecturers themselves and to all of us who 
members must be devised. are concerned with the National Sigma 


tion, the Sioma X1 QuarTerty has grown be &F ranted, 

Birom a si all pamphlet largely devoted to a The National $ na Ni Lecture ship 

me chapter reports and ‘minutes _ of meetings for 1937 and 1938 were published in the 
of the Executive Committee and Conven- Society’ volume Science im Progress, 


subscription list. Special subscripti ion rates 1940. copies have been sold to date. 
#were offered to Alumni members of one It is that the Lectureships will 


sulted i in 41 subscriptions from alumni, and Ny olumes have been chosen by the Scientific = 
 dditional ones continue to come day by Book-of- +the- Month Club, and both vol- 


Committee on Quarrerty, adopted last been achiev ed. The substantial discount 


Biurther dev elopmen 


76 


ai meeting, $600. 00 interest received on the University of Chicago, Dr. Perrin H. 


com the investments of the Semi- ee 2 Long of the Johns Hopkins Hospital, Dr. _ 


nial Fund was added to the ouiivetan, s % I. Rabi of Columbia U niv ersity, Dr. 


in-aid, $3,352.19. The report of the Grants- ee ~ Observa atory, and Dr. V. K. Zworykin of | 
Aid Committee, and a complete list of RCA Electronic Research 


The total of lectures by ‘this: ‘distinguished group 


? 
compared with» last” year’s aw ard a $2,- but, unfortunately, the limited time he 
disposal of the lecturers has made it im- 
4 
ch is felt by members | ‘of the Niet saat to fill all the chapter requests. 
= careful planning» consultation 


= 


with the lecturers, a arrangements have been _— 
made for lecturers to appear at 50 institu- 


4 ‘During the. 28 years of its publica- Lectureships that every request could = 


tion, to an important ‘scientific periodical. ‘Series which resulted a sale of 1,575 

The Autumn 1940 issue contained four copies. On December 3 of this year Series 

"scientific articles, and was distributed to II of Science in Progress was published, ’ 


5,000 alumni, as well as to the regular containing the Lectureships for 1939 and © 


7 


year for $1 00, two years for $1.50, and co continue to be published every two years : 
five rs for $3.00. To date this has re- in the Science i in Progress Series. Both ; 


iday umes deserve far wider distribution among 
In accordance with | the report of the = the Sigma Xi membership than has so far 


year, a committee is making plans for now ‘made available to members and as- 


t and improvement t of sociates of Sigma Xi should 


heoaiaiaaaiies of the 1941 Sigma Xi Ki - National Headquarters i is at your service. 


National Lectureships was made the Every effort will made to handle 


a 


chapters during the summe and i in the” business of the Society. auickly and ef 
Autumn issue of the QuaRTERLY. _The Tec fidentiy. 

turers this year Dr. 


he in. 
of the i 
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_ ‘of 1 the Treasurer fr 1940. 
T FOR ‘Year | p> DECEMBER 31, 1940. Fon 
OF THE Socrery 
Chapter assessments 


10,525.95 


for research ... 
Miscellaneous income - 
Diploma fees 


‘Science in Progress i income 


Treasurer’ (total $264.30) 

Auditing 1939 books ....... 


Custodian account 


1,174.22 


tr 


Circulation of alumni for research 
__Engrossing charters 


Science Servi ice 


Grants. -in-aid of research 
Removal of Secretary’ office to o New Haven 319. 2 


le, Books, Science in Progress for alumni 420.40 — 


Operating surplus year 


4 Sigma Xi Quarterly | 
Als 
— 
| 

— ~ 1740270 
lc 
— 1,326.95 
&§ 
 &§ 

— 


Tre reasure? r’s Re "port 


Disposr or ‘Ce R: ING 


Fund jor Research: he 
Alumni contributions .... 
Interest om Semi- Centennial 


Less: Grants- in- of Research for $ 2 


Surplus ated 
unds: 


x Payments o on Grants | for Resear! h: 

Duncan McConnell (1939-40) 150. 
reeman D. Miller (1939-40)......... 
Lewis TL (1940-41). 
M. Huffman (1940-41)........ 


I. “(1940- 41) L. Willard $1). 
W. Fautin (1940-41)... 


31, 


Checking accounts 


Wecwrities ovoned (carried at cost—see schedule following 


15,050.00 


1940 surplus allocated to Alumni Fund | 


$49,186.15 


_ i 
D, 
i 
ated to General Funds 5,155.28 
200.00 
100.00 
400.00 
— | 
| 
24,670.79 
| 
| 
4 
— 
a 


se 


is NV ESTMENT Account 


Schedule Securities (Ow ened, Carried at Cost We hay 


$1, 000 Amer. Tel. & Tel. Co. 54% (1943 ) bend at. aul 
$1,000 St. Louis & San Francisco 4% 
$1,000 & Ohio Railw ay (2000) bond a 
$1,000 Philadelphia Company 5% (1967) bond at. faitly 
$1,000 Erie Railroad Company 5% (1967) bond a of De. 


Treasury 4% bond at... 

LS: Treasury 3% (1955) bond at. 
$1,000 U. S. Treasury 3% (1955) bomd 
$1,000 U. S. Treasury 3% (1955) bond at. 
$1,000 U. S. Treasury 314% (1946/49) bond at... 
$1,000 U.S. Treasury 34% (1946/49) bond at. 
$1,000 U. S. Treasury 344% (1946/49) bond at.... 

$ 200 New York City 4% (1941) bond at... 

$ 200 New York City 4% ( 1942) bond aterccccccmo 
200 New York City 4% (1943) bond 


“$i, 000 Edison Elec. & Ilum. Co. te To (1965) 1 bond at... 
$1,000 Consolidated Edison Co. 314% (1946) bond at. 
ee 000 Consolidated Edison Co. 3%4% (1946) bond at. 

$1,000 Consolidated Edison Co. 344% (1946) bond at. 

— $1,000 Southern Pacific Co. = (1969) bond at... 

000 Southern Pacific Co. bend 


Alle companies ‘continue to py interest on. pon bonds except the Erie Railroad; the § 
St. Louis & San Francisco Railway and the Baltimore & Ohio Railway ‘Paying part o only 
Deen Ca 


ife. Pu 
bword | 
forced 

Prighte 


tow ard 


~ 

— 

— 
emp 

3 4 was 

q 

g,000 Southern California Edison Co. 3349 (1960) bond. 105000 
— $1,000 Southern California Edison Co. 334% (1960) 1,050 
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Science Makes Us 


= 
a 


We have audited the accounts of the Treasurer of the Sigma Xi Society for the year 
sine December 31, 1940, and have found that all income as contained in the records | 
as duly accounted for and that disbursements were supported by - proper vouchers. 
be securities listed above were verified by certificates from the Custodian, namely, — 
e Corn Exchange Bank Trust" Company. We certify that the foregoing Balance 
heet and Statement of Income and Expenditures a are correct, are on a cash basis, 


od fairly present the operations for the year and the financial position of the Society — 


Auditors. 


motions of things, and of the of human 


empire to the effecting of all things 


t was its responsibility or man’s social evolution which led Sarton to 


jescribe the growth of science as the central thread along which may be 
raced t the biography of ‘mankind. To the scientist himself comes the 


tisfaction that with his new knowledge a an addition has been made 

a's heritage which not only is permanent but is a seed that will ¢ grow 


more to more. With can say: 


nse as. 


pe ‘life of new ‘And sO we 

orced to saath vis greater w wisdom to gove ern our greater powers. FT a 
h 
righter paradise is to be regained, it is that joy of the struggle By 


ow ard ‘greater manhood. g 


‘ 
3 
5.00 
930 — 
7.0 
209 
February 18, 1941. > lif 
Science Makes Us Grow 
> (Conctuded from page ¢ 
the three Promethean gifts of science, it was the greater variety of 
og) fe which Francis Bacon saw as he wrote in his “New Atlantis”: 
71.25 
205.7 
07.0 
670.7 7 
: the fruit of the tree of knowledge we have in a new ‘ : 
i ods, with greater power for good and evil. We have 7 
2000 re from the paradise of a well-established, traditional _ g 
300.0 
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Sigma 


Contri 


utors to A 


umn 


Abbot ot (District of Colum-- 


H. Abbott (Ohio State) 
Elizabeth Adams (Yale) 
Willen A. Adamson (Cornell) 


Charles A. Alexander M. B. Clopton (W tkington) D. Evans (M.I.T 


Frank N. Allan (Mayo) 
Elda E. Anderson (W 
‘Earl L. Arnold (Cornell 


Herman Babel (Y 
Mervin K. Baer 


Hugh P. Baker (Mass. State) 
Wilfred H. Baker (Syracuse) 


7 Edith L. Ballard, M.D. (Cor- Nathan A. Conn (Minnesota) | Bd. H. Fillinger (Chicag 
D. Coolidge (Union) J. Finkelstein (Cornell) 
th 


DeWitt D. Barlow (Penn. 
Elliott P. Barrett (Columbia) 
Walter I. Barrows (Worcester) 
Edward Bartow (lowa) ; 

Edwin Bartunek (Nebraska) 
Grace E. Bates (Brown) 7, 

Zilpha C. Battey (Illinois) 

more) 
Gerald R. — Univ. 
ashington) 

LaMar N. BeMiller (Purdue) 
ary A. Bennett (Chicago) 
Mary Woods Bennett (Califor- 


» David Lyman Davidson 


Stanley U. Benscoter (Illinois) 
D. Berger (Penn.) 


John A. (Renwelaer Leo (C | 
O. P. Cleaver (Yale) (Cal 
McGarvey Cline (Wisconsin) R. V. Engstrom 
J. W. Clise (Yale) Katherine Esau (C 


J. H. Clo (Chicago) Clarence M. Eshelman (Corns! 


David J. Cohen (Yale) =. O. Ewing (Ohio State) ) 


Ralph F. Cohn (Michigan) 


Lester H. Colbert (Ohio State) Harrison F. T. Fahrakopf 
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“the Committee on Membership Structure, as presented by Mr. C. E. 
Davies, Chairman. It is is apparent that this report should be as widely 
circulated as possible among the membership; 3 it is, , therefore, “being 
‘printed as a supplement to this issue of the QuarTerty. It is hoped that 
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. The Photogalvanic Effect. II. The Photogalv anic | 
System. Jour. of Chem. 8, 1940, 
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